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Pref  a  ce 


The  purpose  of  this  study  was  to  develop  a  cost 
estieating  relationship  equation  which  predicts  jet  engine 
annual  Operating  and  Support  (O&S)  costs.  Users  of  the 
results  o-f  this  thesis  should  pay  attention  to  the  content 
of  the  cost  data  used  to  develop  the  model.  Multiple  data 
bases  were  used  in  the  effort  resulting  in  an  aggregation 
of  non— homogeneous  data.  Some  costs  were  budgetary 
(replenishment  spares  and  class  IV  modification  kit  costs) , 
other  costs  were  expenditure  (depot  level  organic  and 
contractor  auintenance) ,  other  costs  were  estimates 
(partial  second  destination  transportation  and  contract 
costs  on  the  F103-100  engine).  Sources,  uses,  constraints, 
and  limitations  are  discussed  in  detail  for  each  of  the 
costs  collected. 

In  performing  the  research  and  writing  this  thesis,  I 
have  had  a  great  deal  of  guidance  and  assistance  from  cost 
experts  throughout  the  Air  Force.  I  am  greatly  indebted  to 
Mr.  Roger  Steinlage  of  the  Cost  Analysis  Division,  HQ  Air 
Force  Logistics  Command;  Ms.  Eilanna  Price  of  Requirements 
and  Planning  Office,  Propulsion  Systems  Division,  Air  Force 
Aeronautical  Logistics  Center;  Lieutenant  Colonel  Donald 
Owen  of  HQ  USAF,  Cost  and  Management  Analysis  Division;  and 
Captain  John  Wallace  of  Cost  and  Economic  Analysis 
Division,  Accounting  and  Finance  Center.  These  cost 
experts  did  me  a  tremendous  service  by  reading  my  laborious 


drafts  and  pointing  out  fallacies  and  strengths  in  the 
study.  Their  questions  and  recommendations  added  immensely 
to  the  content  and  professionalism  of  the  study.  1  am  also 
indebted  to  my  thesis  advisor.  Dr.  Leroy  Gill  of  the  School 
of  Systems  and  Logistics  for  his  patience  in  directing  me 
through  the  pitfalls  of  regression  analysis. 

A  special  thanks  goes  to  my  children  for  accepting  me 
as  the  reclusive  graduate  student  I  became  these  last 
sixteen  months.  Their  maturity,  understanding  and 
sacrifices  supported  me  through  this  thesis  effort. 

Brenda  H.  Cox 
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Abstract 

This  investigation  derived  a  jet  engine  Cost  Esti¬ 
mating  Relationship  <CER)  model  -from  multivariate  linear 
regression  techniques.  Prior  to  the  model’s  development, 
all  known  jet  engine  cost  data  bases  were  examined  -for 
appl icabi 1 i ty  to  the  thesis  effort.  After  identifying 
constraints  and  limitations  in  the  data,  stepwise  regres¬ 
sion  techniques  were  employed  to  identify  mul ti variable 
regression  equations  for  analysis.  The  "best"  equation  was 
identified  based  on  pre-established  logic  and  statistical 
criteria.  The  equation  selected  had  the  following  perfoi — 
nance,  physical,  and  usage  variables:  Turbine  Inlet  Temper — 
ature.  Specific  Fuel  Consumption,  Weight,  and  Annual  Engine 
Flying  Hours. 

Results  of  the  model  development  can  be  used  in  com¬ 
parative  cost  analyses  of  present  and  proposed  weapon  sys¬ 
tems;  in  cost  trade-off  studies  to  determine  impact  of 
design  alternatives  for  new  engines;  in  reports  to  Congress 
on  the  costs  of  operating  engines;  and  in  estimating  budget 


requirements. 


JET  ENGINE  OPERATING  AND  SUPPORT  COST  ESTIMATING 


RELATIONSHIP  DEVELOPMENT 


Chapter  I.  Introduction 


General  Issue 

Aircraft  systems  incur  a  variety  of  costs  during 
their  life  cycle.  The  major  categories  of  life  cycle  costs 
are  research  and  development*  procurement*  operating  and 
support,  and  disposal  (27:2). 

Increasing  costs  to  operate  and  support  Air  Force 
aircraft  have  resulted  in  attention  being  focused  upon  the 
contribution  to  those  costs  by  jet  engines  (26iv).  Head¬ 
quarters  United  States  Air  Force*  Directorate  of  Cost  and 
Management  Analysis*  Cost  Analysis  Division  (HO  USAF/ACMC) 
has  identified  the  requirement  for  a  means  of  predicting 
annual  operating  and  support  (O&S)  costs  of  jet  engines 
currently  in  the  active  Air  Force  Inventory.  HQ  USAF/ACMC 
requires  predictive  jet  engine  costs  that  can  be  used  in 
comparative  cost  analyses  of  present  and  proposed  weapon 
systems;  in  cost  trade-off  studies  to  determine  impact  of 
design  alternatives  for  new  engines;  in  reports  to  Congress 
on  the  costs  of  operating  engines;  and  in  estimating  budget 
requirements.  The  purpose  of  this  thesis  is  to  determine  a 
method  of  collecting  historical  jet  engine  cost  data*  and 
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to  us*  that  historical  data  to  d*v*lop  a  moans  that  Mill 
accurately  predict  annual  operating  and  support  costs  for 
those  jet  engines  currently  fielded  in  the  Air  Force  active 
inventory  (7,8,18,28,29,30). 

General  Approach 

One  of  the  most  Mi del y  used  means  of  estimating  costs 
is  through  the  use  of  cost  estimating  relationships.  Cost 
estimating  relationships  are  analytical  tools  Mhich  relate 
costs  to  explanatory  variables  (16:123).  Frequently, 
these  explanatory  variables  are  physical  and  performance 
characteristics  of  the  system  for  Mhich  the  costs  are  being 
predicted  for. 

Advantages  of  the  cost  estimating  relationship  tech¬ 
nique  are  teofold.  First,  the  analyst  can  observe  the 
effect  on  cost  as  the  result  of  change  in  one  or  more  of 
the  explanatory  variables.  Second,  Mith  a  cost  estimating 
relationship,  total  cost  can  be  broken  doen  into  both  fixed 
and  variable  costs.  Fixed  costs  are  represented  by  the 
intercept  of  the  cost  estimating  relationship  equation. 

The  coefficients  preceding  the  explanatory  variables  con¬ 
stitute  the  cost  contribution  for  each  unit  of  the  explana¬ 
tory  variable,  e. g. ,  variable  costs. 

Cost  estimating  relationships  can  range  in  complexity 
fro*  simple  rules  of  thumb  to  formal  mathematical  functions 
(16:  123).  This  thesis  Mill  employ  multivariate  linear 
regression  as  the  means  of  predicting  annual  OStS  costs  for 
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jet  engines  currently  -fielded  in  the  US  Air  Force  active 
inventory.  Through  multivariate  linear  regression,  a  cost 
estimating  relationship  equation  will  be  developed  -for 
predicting  annual  jet  engine  O&S  costs.  The  equation  will 
be  composed  o-f  O&S  cost  as  the  dependent  variable  and 
several  jet  engine  performance  and  physical  characteristics 
as  the  independent  variables. 

Why  Existing  Jet  Engine  O&S  Cost  Models  Cannot  Be  Used 

In  reviewing  the  literature  on  jet  engine  O&S  costs, 
there  appears  to  be  a  proliferation  of  cost  models  and  cost 
data  bases.  However,  upon  closer  examination,  the  models 
and  their  associated  data  bases  are  usually  designed  for  a 
special  purpose  or  are  designed  to  encompass  total  life 
cycle  costs.  The  purpose  of  this  thesis  is  to  accumulate  a 
data  base  from  which  annual  jet  engine  O&S  costs  can  be 
predicted. 

Prior  Effort  at  Engine  Cost  Factor  Devel  op  men  t 

The  need  for  a  predictive  O&S  annual  cost  method  was 
recognized  in  1983  by  HQ  USAF,  Directorate  of  Cost  and 
Management  Analysis,  Cost  Analysis  Division  (HQ  USAF/ACMC) 
(30).  HQ  USAF/ACMC  initiated  the  development  of  standard 
AF  wide  engine  cost  factors  by  tasking  the  Comptroller 
Support  Directorate,  Cost  and  Management  Analysis  Division 
(HQ  AFAFC/CWM)  with  engine  O&S  cost  factor  development 
(18).  Resulting  from  that  original  effort  were  an 


•xtintlvt  data  March  and  an  approved  cost  si  sssnt 
structurs  (CES).  This  cost  si sssnt  structurs  identified 
ths  categories  of  costs  shich  should  bs  includsd  in  engine 
O&S  costs. 

Specific  Pr obi as 

Ths  nssd  for  a  Mans  to  prsdict  annual  jet  sngins  O&S 
costs  has  bssn  addrssssd.  Ths  sain  purpose  of  this  thssis 
effort  is  to  ersats  a  cost  sstisating  rslationship  aquation 
shich  prsdicts  jet  sngins  annual  O&S  costs. 

Prior  efforts  either  addrssssd  ths  entire  life  cycle 
costs  of  an  engine,  or  they  addrssssd  only  a  specific  facet 
of  ths  engine’s  O&S  cost.  This  thssis  Mill  continue  ths 
initial  efforts  of  AFAFC/CHH  as  directed  in  1983.  Using 
the  cost  el sssnt  structurs  developed  by  HQ  AFAFC/CMH  in 
1983  as  a  guide,  this  study  Mill  collect  historical  cost 
data  on  fielded  engines,  collect  physical  and  p erf or nance 
data,  conpute  historical  costs,  and  develop  nulti variate 
linear  regression  cost  sstisating  nodel  that  Mill  accur¬ 
ately  predict  annual  jet  engine  0&8  costs. 

Once  developed  and  subsequently  evaluated  by  Head¬ 
quarters,  United  States  Air  Force,  Cost  and  Hanagenent 
Analysis  Division  (HQ  USAF/ACMC) ,  and  approved  by  the  Air 
Force  Cost  Analysis  Inprovenent  Group  (AF  CAI6) ,  the  cost 
estinating  relationship  developed  fron  this  thesis  Mill  be 
used  to  conpute  jet  engine  O&S  cost  factors  Mhich  estinate 
the  annual  cost  per  engine  flying  hour  in  a  steady  state 


condition.  If  approved,  the  computed  factors  Mill  be 
published  in  Air  Force  Regulation  173-13,  USAF  Cost  and 
Planning  Factors. 

Research  Objectives 

This  thesis  uses  historical  cost  in  order  to  create  a 
cost  estimating  relationship  that  predicts  annual  O&S  costs 
for  jet  engines  currently  fielded  in  the  active  Air  Force 
inventory. 

In  order  to  accomplish  the  thesis  purpose,  the  follow- 
ing  research  objectives  Mill  be  investigated  in  the  upcom¬ 
ing  chapters. 

Chapter  two  Mill  examine  available  cost  information 
for  possible  inclusion  in  an  QtiS  data  base.  The  informa¬ 
tion  Mill  be  used  to  develop  a  cost  estimating  relation¬ 
ship.  Existing  data  bases  will  be  reviewed  to  identify 
their  content,  limitations,  constraints,  and  usefulness  to 
the  thesis  effort. 

From  investigations  discussed  in  chapter  two,  chapter 
three  will  continue  the  thesis  purpose  by  developing  a  cost 
collection  methodology  with  which  to  collect  jet  engine 
costs  from  their  respective  data  bases.  Results  of  that 
cost  collection  will  be  depicted  as  appendices  in  tabular 
form. 

Chapter  four  will  propose  a  methodology  for  developing 
a  predictive  model.  The  chapter  will  contain  analyses  of 
independent  variables  that  may  be  cost  predictors. 


Chapter  -five  will  use  multivariate  linear  regression 
analysis  to  estimate  a  cost  estimating  relationship  equa¬ 
tion  which  predicts  annual  jet  engine  O&S  costs.  Analysis 
of  the  selected  model’s  statistical  merits  along  with  con¬ 
clusions  and  recommendations  will  conclude  the  chapter. 

Chapter  six  is  the  final  chapter  in  the  thesis.  It 
will  contain  thesis  conclusions  and  suggestions  for  future 
research. 


Chapter  II.  Data  Base  Search  and  Examination 


Chapter  Over view 

This  chapter  examines  the  existing  cost  data  which 
appears  to  be  potentially  useful  for  the  analytical  pur — 
poses  of  this  thesis.  The  discussion  structure  of  this 
chapter  will  follow  the  cost  elements  listed  in  Table  I. 

In  the  development  and  usage  of  cost  factors  and  cost 
models,  the  understanding  of  the  data  basr  from  which  the 
factors  and  model  ware  developed  is  critical.  In  under — 
standing  the  composition,  the  user  must  be  aware  of  its 
content,  the  definitions  of  the  content,  the  sample  size 
and  membership,  as  well  as  the  data  collection  methodology 
and  analysis. 

El ements  of  the  Cost  Estimating  Structure 

In  any  regression  analysis  effort,  serious  considera¬ 
tion  must  be  given  to  the  composition  of  the  supporting 
data  base.  The  composition  will  determine  to  a  great 
extent  the  model’s  audience. 

For  the  purpose  of  this  thesis,  the  period  of  time  for 
which  data  is  to  be  collected  has  been  restricted  to  FY 
1979  through  FY  1983.  Examination  of  available  data  bases 
revealed  one  to  have  incurred  changes  in  definition  of  the 
data  collected  by  the  data  base  prior  to  1979  and  others  to 
have  historical  data  only  as  far  back  as  1979.  Limitations 
of  these  data  bases  will  be  addressed  in  the  next  chapter. 


Existing  data  bases  Mill  not  be  checked  -For  accuracy. 

Cost  eleeents  to  be  included  in  the  thesis’s  cost 
esti eating  relationship  development  effort  are  restricted 
to  those  already  approved  by  HQ  USAF/ACMC.  The  original 
eleeents  Mere  derived  from  the  Cost  Analysis  Improvement 
6roup  guidance  (27)  by  representatives  -from  HQ  USAF/ACMC, 

HQ  AFLC  Cost  Analysis  Division  (HQ  AFLC/ACMC) ,  and  HQ 
AFAFC/CMM  during  meetings  in  FY83.  The  original  elements 
in  the  CES  Mere  later  pared  to  those  elements  in  Table  I. 
This  reduction  in  cost  element  scope  resulted  -from  discuss¬ 
ions  Mith  HQ  USAF/ACMC  and  HQ  AFAFC/CWM  (7,8,29).  These 
are  the  elements  Mhich  must  be  included  i-f  all  major  engine 
0&S  costs  are  to  be  considered. 

TABLE  I 

DETAILED  COST  ELEMENT  STRUCTURE 


Depot  Maintenance 
Labor 

Class  IV  Modification  Installation  Labor 

Direct  Material 

Government  Furnished  Material 

Operations  Overhead 

Other  Direct  Cost 

Base  Maintenance  Support 
Direct  Labor 
Direct  Material 

Indirect  Labor,  Material,  and  Non— Maintenance 

Contractor  Maintenance 

Sustaining  Investment 

Class  IV  Modification  Kits 

Peacetime  Operating  Stock  Replenishment  Spares 


Second  Destination  Transportation 


Cost  El sssnt  Definitions 

Over  tiss,  dats  collection  policy  and  procedure  say 
change.  Consequently,  care  oust  be  taken  to  precisely 
define  cost  structure  eleaents.  Cost  elesent  definitions 
are  provided  in  Appendix  A. 

Engine  Sasple  Size 

Another  consideration  cost  experts  evaluate  is  the 
identity  of  the  data  paints  used  to  make  up  the  data  base 
from  which  the  models  were  derived. 

The  Department  of  Defense  uses  an  alpha-numeric  code 
to  identify  aircraft  and  engines.  For  aircraft,  the  code 
represents,  in  descending  level  of  detail,  the  mission, 
design,  and  series  of  the  aircraft  respectively.  The 
mission  codes  for  aircraft  addressed  in  this  thesis  are  A, 

B,  C,  KC,  and  T.  They  represent  attack,  bomber,  cargo, 
tanker,  and  trainer  aircraft.  The  next  level  of  indenture, 
the  design,  is  represented  by  a  number  code  that  identifies 
the  design  that  the  particular  aircraft  is.  For  cargo 
aircraft  addressed  in  this  thesis,  the  models  are  C-130, 

C— 141,  or  C-S.  The  lowest  level  of  aircraft  weapon  system 
identification  is  the  series.  This  is  represented  by  an 
alpha  code.  For  example,  the  C-141  mission/design  aircraft 
is  further  classified  by  the  A  and  B  series.  Thus,  depend¬ 
ing  on  the  degree  of  identification  required,  an  aircraft 
weapon  system  can  be  identified  by  its  mission,  its  mission/ 
design,  or  its  mission /design/series  level  of  detail. 


A  similar  hierarchy  of  i dentil i cat! on  is  used  with 
engine  systees.  The  engine's  al pha-nueer i c  codes  are 
referred  to  as  type/eodel /series.  For  exaaple,  the  F— ill 
eissi on /design  aircraft  are  powered  by  the  TF30  type/eodel 
jet  engines.  The  F-111A  eissi on /design /series  aircraft  is 
powered  with  the  TF30-3  type/eodel /series  engine.  Identi¬ 
fying  engine  type/eodel /series  to  aircraft  eissi on /design/ 
series  is  done  with  the  aid  of  the  Engine  Logistics  Hand¬ 
book  (14).  Engines  for  which  a  cost  estieating  relationship 
is  to  be  developed  are  listed  at  Table  II.  The  list  in¬ 
cludes  a  cross-section  of  various  types  of  engines,  e.g., 
eature  engines  that  have  been  operational  for  Many  years, 
engines  under  Major  reconf iguration,  engines  under  contract 
Maintenance,  and  engines  being  converted  froa  coMMercial  to 
Military  usage. 

Only  turbo-prop,  turbo-fan,  and  turbo— jet  engines  will 
be  exaained.  Per  HQ  USAF/ACMC  guidance  (28),  gas  reciproca¬ 
ting  engines  are  excluded  froa  the  thesis. 


TABLE  II 


AIRCRAFT  TO  EN6INE  MATCH 


Aircraf t 

Engine 

Type 

A7D/K 

TF41— A— 1A/1B 

Turbofan 

A10A/B 

TF34-100 

Turbofan 

B1A 

F101-10O 

Augmented  Turbofan 

BIB 

F101-102 

Augmented  Turbofan 

B52G 

J57-43WB 

Turbojet 

BS2H 

TF33-3 

Turbof an 

C3A 

TF39-1A/C 

Turbofan 

KC10A 

F103-100 

Turbofan 

.  C130E 

T5A— A— 7B 

Turboprop 

C130H 

T56— A— 15 

Turboprop 

KC133A 

J57-39W 

Turbojet 

KC13SR 

F108-100 

Turbofan 

KC13SE 

TF33-102 

Turbofan 

C141B 

TF33-7/7A 

Turbof an 

F4E/G 

J79-17A/C 

Afterburning  turbojet 

FISA 

F 100—100 

Augmented  turbofan 

Fl&A 

FI 00-200 

Augmented  turbofan 

F16C/D 

FlOO-llO 

Augmented  turbofan 

F16C/D 

FI 00—220 

Augmented  turbofan 

FI 11 A/E 

TF30— 3 

Afterburning  turbofan 

FlllD 

TF30— 9 

Afterburning  turbofan 

FI  1  IF 

TF30— 100 

Afterburning  turbofan 

FBI 1 1A 

TF30-3/7 

Afterburning  turbofan 

T33A 

J33— A— 33 

Turbojet 

Englna  Def inition 

Homogeneity  of  the  data  basa  wb»r»  is  also  an  impor¬ 
tant  consideration  in  thm  use  of  regression  analysis.  The 
thesis  data  base  contains  three  basic  types  of  jet  engines 
-  turboprop,  turbofan,  and  turbojet.  Functional  defini¬ 
tions  of  each  type  of  engine  are  identified  at  Appendix  B. 

The  traditional  cost  model  development  process  entails 
comparing  performance  and  physical  characteristics  of  the 
sample  members  to  a  cost  data  base  through  regression  and 


correlation  analyses.  This  thesis  differs  from  traditional 
aodel  developeent  in  that  it  consolidates  cost  eleeents 
from  a  variety  of  historical  data  bases  instead  of  a  single 
homogeneous  data  base.  For  each  cost  eleeent  there  eay  be 
a  variety  of  data  bases  f row  which  historical  costs  could 
be  extracted.  The  content  of  the  data  bases  for  each 
element  differ  because  of  differences  in  the  purposes  or 
the  definitions  of  the  data  bases. 

There  are  two  philosophies  on  collecting  costs  for 
analyses.  The  first  philosophy  is  tereed  "the  cost  of  doing 
business".  With  this  view  point,  costs  are  collected  as 
they  are  obligated.  These  costs  are  defined  as  obliga¬ 
tions.  Cost  models  and  factors  based  on  obligations  are 
developed  for  budgetary  and  programming  purposes.  One  of 
the  possible  uses  of  the  results  of  this  thesis  is  to 
develop  predictions  to  be  used  in  estimating  budget  requi¬ 
rements.  Far  that  intention,  obligation  costs  will  be  used 
wherever  possible. 

The  second  philosophy  is  "the  cost  of  operations". 

With  this  view  point,  costs  are  collected  as  the  resources 
are  used.  These  types  of  costs  are  labeled  expenditures. 
The  major  difference  between  these  two  types  of  cost  is 
that  obligations  are  the  dollar  amount  of  purchased 
resources  recorded  on  a  transaction  that  will  require 
future  payment  of  money  (37i482).  Whereas,  expenditures 
are  the  dollar  amount  of  the  check/cash  issued  for  the 
obligated  purchase  <37i273).  Obligations  are  resources 


planned  -for  -future  consumption.  Expenditures  are  resources 
being  consumed. 

Depot  Maintenance  Data  Source 

The  most  accepted  data  source  -for  depot  maintenance 
cost  -factors  is  the  H036C,  Weapon  System  Cost  Retrieval 
System  (WSCRS) .  It  is  used  by  erst  analysts  at  HQ  AFLC,  HQ 
Systems  Command,  HQ  AFAFC/CWM,  and  HQ  USAF/ACM.  WSCRS  is  a 
HQ  AFLC  automated  data  base  designed  to  support  cost  analy¬ 
sis  projects.  It  provides  one  consistent  source  of  his¬ 
toric  cost  in-formation  on  aircra-ft  depot  level  maintenance. 
WSCRS  retains  historical  cost  -for  the  last  ten  years  and 
will  continue  to  accumulate  depot  level  maintenance  costs 
-for  each  succeeding  year.  Office  of  Primary  Responsibility 
for  WSCRS  is  HQ  AFLC/ACMCI  (13,38). 

WSCRS  is  used  by  a  variety  of  analysts  in  predicting 
depot  maintenance  costs  for  current  and  future  aircraft 
systems  (38) . 

WSCRS  cost  data,  as  it  pertains  to  jet  engines, 
contains  organic  manhour  labor  costs,  material  costs,  con¬ 
tractor  costs,  interservice  charges  (work  performed  by 
another  DoD  department  and  charged  to  the  Air  Force), 
government  furnished  equipment  costs,  and  overhead  costs. 
These  costs  are  defined  as  expenditures  in  that  the  cost 
data  represents  the  value  of  resources  as  those  resources 
are  expended.  The  means  of  sorting  the  costs  to  specific 
aircraft  and  engines  is  through  the  use  of  mi ssi on/design/ 


series  and  type/model /series  codes. 

The  expenditures  currently  collected  in  WSCRS  are  -from 
197S  through  1984.  These  historical  costs  can  be  extracted 
via  an  automated  retrieval  process.  The  actual  costs  that 
xere  recorded  can  be  inf lated/def lated  to  any  year’s  dol¬ 
lars  that  the  requester  desires  (38). 

WSCRS  is  li mi ted  by  the  requirement  to  allocate  common 
costs  among  a  family  of  engines.  WSCRS  will  track  actual 
cost  to  the  engine  type/model /series  level.  It  will  not 
track  costs  to  the  type/model /series  by  mission/design/ 
series.  Instead,  it  allocates  type/model /series  cost  to 
the  mission /design /series  by  using  engine  flying  hours  to 
prorate  the  costs.  Far  example,  the  TF30— 3  type/model/ 
series  engine  powers  the  F-111A,  FB-111A,  F-111E,  and 
EF— 1 1 1A  mission/design/series  aircraft.  In  order  to  allo¬ 
cate  the  costs  of  the  TF30— 3  to  the  various  aircraft,  WSCRS 
will  take  the  total  TF30-3  depot  costs  and  allocate  those 
costs  among  the  applicable  F-ill  aircraft  according  to  the 
number  of  engine  flying  hours  attributed  to  the  respective 
aircraft  series.  The  aircraft  series  having  the  largest 
number  of  flying  hours  will  automatically  incur  the  lar — 
gest  amount  of  TF30— 3  costs. 

WSCRS  will  track  engine  component  cost  directly  to 
type/model /series,  if  the  cost  is  to  a  unique  component 
that  belongs  to  a  specific  type/model /series.  Common  en¬ 
gine  parts  are  allocated  among  the  applicable 


type/model /series  members.  During  engine  design,  engineers 
and  logisticians  try  to  retain  as  much  commonality  among 
parts  as  possible.  For  example,  the  TF-30  -family  of  engines 
has  TF-3,  TF-7,  TF-9,  and  TF-100  series.  WSCRS  will  place 
actual  costs  of  unique  TF-30— 3  parts  to  the  TF30-30-3 
engine.  Any  parts  that  are  common  to  the  TF-30  family, 
will  be  allocated  to  the  family  members  based  on  engine 
flying  hours,  regardless  of  which  series  actually  incurred 
the  cost  (38). 

These  allocations  of  cost  among  type/model  families 
and  to  mission /design /series  aircraft  make  WSCRS  costs  a 
mix  of  actual  and  allocated  costs.  This  limitation  is  due 
to  the  requirements  and  capabilities  of  existing  automated 
data  processing  systems  and  to  existing  administrative 
maintenance  procedures  (38) .  These  systems  do  not  have  the 
capability  to  track  costs  to  the  end  item  (specific  engine 
system) . 

WSCRS  tracks  costs  only  on  those  weapon  systems  that 
HQ  AFLC  has  responsibility  for  maintaining.  Those  engines 
under  Contractor  Logistics  Support  maintenance,  under  major 
reconf iguration,  or  still  in  development  are  not  tracked  by 
WSCRS. 

WSCRS  is  a  depot  maintenance  data  base  that  collects 
historical  jet  engine  costs.  It  is  widely  accepted  and 
used  throughout  the  Air  Force.  It  has  been  institutions- 


lized  as  the  cosaon  source  -for  aircraft  depot  maintenance 
cost  data. 

Basa  Maintananca  Data  Source 

Maintenance  Coll act ion  Systaa.  Traditionally,  basa 
aaintananca  costs  hava  baan  ax tract ad  from  tha  Maintananca 
Cost  Systaa  (MCS) .  Tha  MCS  is  a  repository  data  basa  for  a 
variety  of  basa  data  froa  a  nuaber  of  autoaatad  data  sour¬ 
ces.  Tha  MCS  provides  inf or eat ion  on  tha  cost  of  civilian 
and  military  staff-hours,  tha  cost  of  productive  direct  and 
indirect  hours,  and  tha  cost  to  aaintain  aircraft  and 
anginas.  Feeder  systeas  to  tha  MCS  are  tha  Maintananca 
Data  Collection  Systaa  (MDCS),  tha  Exception  Time  Account- 
ting  Systaa,  The  Standard  Basa  Supply  Systaa,  tha  Basa 
Laval  General  Accounting  and  Finance  Systaa,  the  Civilian 
Payroll  Systaa,  tha  Aerospace  Vehicle  Inventory  Status 
Reporting  Systaa  (AVISURS) ,  and  Major  Coaaands  (MAJCOMS) 
unique  data  systeas.  Tha  costs  collected  by  tha  MCS  are 
expenditures,  meaning  that  they  cover  tha  use  and  consum¬ 
ption  of  resources  rather  than  tha  obligation  or  commitment 
of  funds  (17i56).  "Tha  MDCS,  one  of  tha  key  inputs  to  tha 
MCS,  is  tha  primary  source  of  base-level  aaintananca  data. 
Tha  data  processed  by  tha  systaa  consists  primarily  of 
maintananca  staff-hour  expenditures  and  technical  data 
involving  aaintananca  tasks  that  are  accomplished.  Data  on 
aaintananca  performed  is  documented  manually  on  AF  Fora 
349,  collected,  keypunched,  and  processed  at  tha  basa  level 


-for  report  output  and  computer  storage"  (17:3). 

The  I1CS  is  the  major  source  of  base-level  maintenance 
cost  data.  "It  accumulates  staff-hour  data  -from  the  MDCS 
to  support  the  Command  Aerospace  Maintenance  Manpower 
Information  System  and  cost  data  for  aircraft  maintenance 
organizations"  (17:16).  It  tracks  costs  by  Work  Unit  Code 
(WUC)  to  the  respective  mission/design/series  aircraft. 

The  costs  are  categorized  as  Military  Labor ,  Civilian 
Labor,  Material  (funded).  Material  (unfunded).  Contract, 
Indirect,  Overhead,  and  Total  (1). 

Since  its  development,  the  MCS  has  had  significant 
accuracy  problems.  The  source  of  these  accuracy  problems 
has  been  identified  by  the  General  Accounting  Office  to 
inaccuracies  in  the  feeder  system,  MDCS  (17:11).  The  GAO 
reported  that  “for  more  than  20  years,  the  Air  Force  has 
collected,  processed,  and  disseminated  inaccurate  and  inco¬ 
mplete  maintenance  information  through  its  MDCS"  (17:8). 

The  GAO  report  cited  multiple  examples  of  MDCS  erroneous 
data  collection.  A  contractor  audit  in  1978  found  that 
"the  number  of  maintenance  actions  were  under  reported  by  a 
factor  of  two,  the  number  of  direct  labor  hours  sampled  by 
the  contractor  were  over  reported  by  a  factor  of  2,  and 
that  more  than  half  of  the  tasks  they  observed  could  not  be 
matched  with  any  reported  account  of  work  performed.  The 
contractor  concluded  that  the  inaccurate  data  had  several 
ramif ications  for  maintenance  and  cost  analysis  in  the  Air 
Force"  (17:12).  "An  April  1982  MCS  mismatch  report  showed 


that  Travis  AFB  had  436  part  removals  with  no  Matching 
installation  data  submitted  to  tha  MDC  system"  (17:13). 

As  a  rasult  of  tha  inaccuracias  in  tha  MDCS  -faadar 
report  to  tha  MCS,  analysts  at  HQ  USAF/ACMC  strongly 
recommended  against  using  tha  MCS  system  as  the  source  of 
base  level  maintenance  (28). 

VAMOSC/CSCS.  There  is  a  data  base  that  has  been 
designed  to  collect  all  costs  associated  with  the  air¬ 
craft’s  major  component  parts.  The  data  base  is  the  Compo¬ 
nent  Support  Cost  System  portion  of  the  Visibility  and 
Management  of  Operating  and  Support  Costs  (VAMOSC)  data 
base. 

CSCS  attempts  to  collect  OfcS  costs  on  base,  depot, 
overhead,  spares,  modification  and  time  compliance  techni¬ 
cal  order  kits,  and  transportation  expenses  of  aircraft  and 
their  major  subsystems  and  components.  It  then  depicts 
those  costs  at  the  work  unit  code  (WUC)  level,  for  72 
aircraft,  by  fiscal  year  in  which  the  costs  were  incurred. 
Like  M6CRS,  the  costs  collected  by  CSCS  are  expenditure 
costs. 

The  objectives  of  CSCS  are  to: 

-  Identify  aircraft  subsystem  component  OfcS  costs. 

-  Display  information  in  standard  formats. 

-  Provide  demand-type  products  for  specific 
objectives. 

-  Improve  the  Air  Force  life  cycle  cost  capability. 


—  Maintain  the  data  base  -for  10  years 


-  Provide  national  stock  nueber  (NSN) /WUC  cross- 
reference  capability. 

The  overall  intent  of  CSCS  is  to  provide  a  standar¬ 
dized  0&S  cost  data  base  f roe  which  analyses  on  aircraft 
weapon  systees  can  be  perforeed  (19). 

There  are  three  drawbacks  with  the  VAMOSC  model : 

1.  CSCS  base  level  manhour  costs  are  obtained  from 
the  D0S6  which  is  the  extension  of  the  error  plagued  MDCS 
(19). 


2.  CSCS  has  only  four  quarters  of  historical  engine 
data  collected  (19).  This  is  an  insufficient  amount  of 
data  for  a  factor  development  analysis. 

3.  CSCS  tracks  costs  by  Work  Unit  Code  and  not  by 
type/model /ser i es. 

The  lack  of  historical  cost  data  precludes  the  use  of 
CSCS  at  this  time. 

Other  Base-Level  Maintenance  Data  Systems.  A  number  of 
other  information  systems  are  used  to  satisfy  managers’ 
needs  for  information  about  maintenance  activities*  Some 
of  the  operational  information  systems  that  track  base 
level  costs  include  the  Maintenance  Management  Information 
and  Control  System  < MM ICS) ,  and  the  Product  Performance 
System  (DOS6)  (17:5). 


hHICS  is  the  standard  automated  Air  Fores  saintsnancs 
in-f  or  nation  systss  at  tha  bass  lsvsl.  It  is  an  onlins 
cosputsrizsd  systss  ussd  to  track  and  control  saintsnancs 
rssourcss  at  nors  than  100  Air  Fores  basss  Morldwids. 

MM ICS  is  a  sanagsrial  systss,  providing  schsdulss, 
inventory  levels,  and  personnel  status  to  base  level  Main¬ 
tenance  Managers  <23) .  MMICS  does  not  track  engine  costs 
by  typs/sodsl /series. 

The  Product  Performance  System  (D056)  is  an  extension 
of  the  MDCS  in  that  it  summarizes  the  MDCS  data  (17*14-13) 
"The  0056  processes  MDCS  data  to  provide  weapon  system  and 
item  managers  with  reliability  and  maintainability  informa¬ 
tion.  It  provides  measures  or  indicators  of  weapons  system 
performance  such  as  the  average  number  of  operation  hours 
between  maintenance  actions  and  maintenance  staffing  requi¬ 
rements  by  weapon  system"  (17*13).  In  that  the  0056  summa¬ 
rizes  MDCS  data,  it  also  becomes  subject  to  criticism  due 
to  the  inaccuracies  in  the  MDCS. 

Considering  that  MCS  is  unreliable,  that  CSCS  has 
limited  historical  cost  data,  and  that  other  base  level 
maintenance  systems  are  managerial  and  not  cost  in  nature, 
the  analyst  has  no  existing  base  level  history  that  is 
approved  by  HQ  USAF/ACMC  from  which  to  develop  engine  cost 
factors. 

The  recourse  is  to  survey  bases  that  service  only  one 
type  of  mission /design /series  aircraft  and  one  type/model/ 
series  engine.  The  survey  would  request  the  base  provide 


historical  manpower  and  Material  costs  for  the  propulsion 
shop.  This  effort  duplicates  the  effort  of  MCS.  The 
effort  is  also  beyond  the  scope  of  this  thesis.  In  addi¬ 
tion,  bastes  are  required  to  maintain  historical  records  for 
only  two  years.  Two  years  of  cost  data  is  insufficient  for 
a  reliable  cost  estimating  relationship  effort. 

With  the  exception  of  MCS  and  CSCS,  the  above  base 
maintenance  data  bases  were  designed  to  aid  managers  in  the 
control,  coordination,  evaluation,  and  planning  of  resoui — 
ces.  They  were  not  designed  to  collect  costs. 

Of  the  available  base  maintenance  data  bases,  one  is 
considered  unreliable  (MCS),  another  has  insufficient  his¬ 
torical  cost  (CSCS),  and  two  others  do  not  collect  costs  at 
the  type/model /series  level  (MHICS  and  D056) .  Investigation 
revealed  no  other  existing  data  sources  from  which  to 
develop  base  level  cost  factors.  Consequently,  base 
maintenance  cost  factors  cannot  be  incorporated  into  the 
thesis  effort. 

Deletion  of  Base  Maintenance  costs  from  the  Cost  Ele¬ 
ment  Structure  will  void  any  attempt  at  developing  a  "total 
OScS  cost  model".  At  this  juncture,  only  a  partial  cost 
estimating  relationship  model  based  on  partial  QfcS  costs 


can  be  developed 


Contractor  Maintenance  Data  Source 


In  addition  to  the  amount  of  maintenance  performed  at 
the  depot  and  base  levels,  there  is  a  considerable  amount 
of  maintenance  performed  under  contracts  with  commercial 
industries.  This  contract  maintenance  contributes  to  the 
O&S  cost  of  the  engine  and  should  be  included  in  a  jet 
engine  O&S  cost  model .  There  are  five  types  of  contractor 
maintenance  costs.  The  types  and  definitions  follow* 

1.  Depot  Purchased  Equipment  Maintenance  CDPEM)  is 
requested  through  the  system  manager  to  support  less-than- 
najor  systems,  equipment,  and  modifications.  It  is  planned 
and  used  when  certain  organic  support  resources  are  not 
available. 

2.  Contractor  Logistics  Support  (CLS)  is  a  permanent 
(entire  life)  logistics  support  alternative  for  a  weapon 
system  or  subsystem.  It  is  a  method  of  providing  all  or 
portions  or  organizational ,  intermediate,  or  depot  mainte¬ 
nance  required  to  support  a  weapon  system,  weapon  sub¬ 
system,  or  item  of  equipment.  Contractor  logistics  support 
is  normally  used  to  support  short  operational-1 if e  systems, 
or  small  inventories  of  commercial ,  off-the-shelf  aircraft 
or  equipment  when  establishment  of  AFLC  organic  life  cycle 
logistics  support  is  not  pi anned  for  various  reasons. 

Spares  and  repair  parts  are  obtained  off -the  shelf  and  are 
not  normally  provisioned  and  stocklisted  by  the  Air  Force. 


Under  contractor  logistics  support  it  is  common  -for  the 
contractor  to  provide  all  elements  of  support. 

3.  Interim  Contractor  Support  <ICS)  is  a  temporary, 
cost  effective  logistics  support  alternative  -for  new  USAF 
weapons  systems,  equipment  or  class  V  modifications.  It 
allows  the  Air  Force  to  defer  all  or  part  of  its  investment 
in  support  resources  until  risk  has  been  reduced. 

4.  Contractor  Support/Program  Assisted  <CS/PA>  is  an 
unplanned  use  of  contractor  support  for  unforeseen  emef — 
gency  logistics  support  requirements.  The  causes  for  Con¬ 
tractor  support /program  assisted  include  schedule  slippage 
or  acceleration,  logistics  support  development  funding 
shortage,  shortfall  in  availability  of  logistics  support 
resources,  or  inadequate  program  planning. 

3.  Interservice  is  maintenance,  either  recurring  or 
nonrecurring,  performed  by  the  organic  capability  of  one 
military  service  in  support  of  another  military  service. 

Sources  for  contractor  costs  vary  according  to  the 
type  of  contract  cost.  As  discussed  in  the  search  for 
depot  maintenance  cost  data,  WSCRS  contains  historical  cost 
for  manhour,  material,  and  overhead  expense  elements.  In¬ 
cluded  within  those  broad  categories  of  cost  are  contract 
and  interservice  costs.  Of  the  five  contract  types  defined 
above,  WSCRS  contains  Depot  Purchased  Equipment  Main¬ 
tenance,  Contractor  Support /Program  Assisted,  and  inter- 
service  costs.  WSCRS  does  not  contain  Contractor  Logistics 
Support  or  Interim  Contractor  Support  costs. 


WSCRS  is  a  Middy  recognized  source  for  depot  mainte¬ 
nance  on  those  aircraft  currently  fielded,  both  contract 
and  organic.  Because  of  its  acceptability,  no  further 
search  for  alternate  data  bases  was  made.  WSCRS  is  also 
restricted  to  those  engines  under  HQ  AFLC  maintenance  res¬ 
ponsibility.  Those  engines  under  the  responsibl i ty  of  HQ 
Systems  Command  will  not  be  reported  on  by  WSCRS. 

Of  the  engines  in  the  study  sample,  only  the  KC10A 
engine  (F103-100)  is  maintained  under  Contractor  Logistics 
Support /Interim  Contractor  Support  contracts.  Cost  data 
for  the  F103-100  engine  will  have  to  come  from  funds  mana¬ 
gers  in  the  KC10A  Program  Office. 

The  F103-100  engine  powers  two  aircraft,  the  KCIOA  and 
the  E4.  Both  of  these  aircraft  are  under  contractor  logis¬ 
tics  support  contracts.  The  KCIOA  aircraft  and  engine  are 
incorporated  into  one  contract,  precluding  separating  en¬ 
gine  from  aircraft  costs.  The  E4  aircraft  and  engine  are 
under  two  contracts,  allowing  identification  of  engine  from 
aircraft  costs.  However,  the  E4  was  not  included  in  the 
thesis  sample  size.  As  a  result,  the  KCIOA  Program  Office 
is  the  only  known  source  for  the  F103-100  engine  as  it 
relates  to  the  KCIOA  cost  data.  Conversations  with  the 
KCIOA  program  managers  indicate  that  contractor  proposals 
would  be  an  appropriate  source  for  identifying  F103-100 
engine  costs  as  they  pertain  to  the  KCIOA. 


WSCRS,  a  widely  accepted  historical  cost  data  base. 
Mill  ba  used  -for  dateraining  most  angina  contract /inter- 
service  costs.  The  exceptions,  the  F103— lOO  and  engines 
under  HQ  Systees  Command  responsibl i ty ,  requires  estimation 
from  contractor  proposals  or  other  sources. 

Sustaining  Investment  Data  Source 

The  second  major  category  of  cost  identified  in  Table 
I  is  sustaining  investment.  In  accordance  Mith  the  Cost 
Analysis  Improvement  Group  definitions,  sustaining  invest¬ 
ment  includes  the  folloeing  categories  of  cost:  replenis¬ 
hment  spares,  replacement  support  equipment,  modification 
kits,  and  other  recurring  investment  (27:2).  Due  to  the 
availability  of  historical  data  bases.  Sustaining  invest¬ 
ment  is  restricted  to  those  costs  associated  Mith  replenis¬ 
hing  spare  parts  and  Mith  providing  class  IV  modification 
kits  on  engines  for  safety,  maintainability,  and  reliabil¬ 
ity  purposes. 

Repl  enishment  spares  are  the  first  element  of  sustain¬ 
ing  investment  costs.  Spare  parts  cost  data  can  be  ob¬ 
tained  from  either  WSCRS  or  from  a  HQ  AFLC,  Investment 
Material  Division,  Replenishment  Spares  Branch  (MMMIR) 
developed  data  base. 

The  costs  collected  by  WSCRS  folios  the  cost  of 
operations  philosophy.  The  costs  represent  expenditures. 
The  WSCRS  retrieval  contains  a  line  for  HcondemnationsM. 
Condemnations  are  parts  for  Mhich  the  base  or  depot  has 


dscidad  that  it  cannot  repairad  and  subsequently  con- 
deans  it.  Condeanations  also  include  those  parts  reeoved 
by  the  depot  during  depot  overhaul  which  cannot  be  repaired 
and  are  subsequently  condemned  (38). 

HQ  AFLC/MMMIR  has  developed  a  historical  data  base 
which  captures  the  procurement  of  Peace  Time  Operating 
Stacks,  War  Readiness  Spares  Kits,  and  Base  Level  Self 
Suff iciency  Spares.  These  costs  represent  the  obligation 
of  funds  as  the  parts  are  ordered  by  the  item  managers  at 
the  five  Air  Logistics  Centers  (ALC's)  (40).  It  represents 
the  cost  of  doing  business  philosophy. 

Included  in  the  data  base  are  spares  costs  destined 
for  Foreign  Military  Sales.  Inclusion  of  Foreign  Military 
Sales  cost  will  overstate  the  cost  of  jet  engines  asso¬ 
ciated  with  the  sale.  However,  conversations  with  HQ 
USAF/ACMC  personnel  indicate  that  only  the  J83  engine  which 
powers  the  F-5  aircraft  has  significant  amounts  of  Foreign 
Military  Sales  dollars  invested  in  replenishment  spares. 
Since  the  engine  members  selected  for  this  thesis  data  base 
exclude  the  J8S,  a  model  derived  from  the  MMMIR  data  base 
should  not  be  severely  over  valued. 

The  MMMIR  data  base  is  derived  in  the  fallowing 
manner i 

Source  documents  for  the  MMMIR  data  base  are  Budget 
Documents,  Status  of  Funds  Reports  (H058) ,  and  HQ  AFLC 
funding  guidance.  Budget  documents  include  budget  sub¬ 
missions  (brochure).  Budget  Estimation  Submission  (BES), 


Program  Operating  Memorandum,  and  President's  Budget  (40). 


Inventory  Management  Specialists  (also  called  Program 
Managers  and  Funds  Managers)  at  the  Air  Logistics  Center's 
Investment  Material  Offices  coordinate  Mith  Item  Managers, 
Equipment  Specialists,  Requirements  Control  Officers,  and 
individuals  from  the  engine  area.  Together  Mith  their 
technical  expertise  and  the  amount  of  money  the  weapons 
system  is  budgeted  for,  a  technical  estimate  is  developed 
that  approximates  the  replenishment  spares  obligated  for 
each  engine  weapon  system  (40). 

The  MMMIR  data  base  is  a  HQ  AFLC  product.  Consequen¬ 
tly,  engines  not  under  the  maintenance  responsibility  of  HQ 
AFLC  were  not  reported  on  by  the  MMMIR  data  base. 

Modification  kit  costs  represent  the  second  component 
of  Sustaining  Investment  costs.  Modification  kits  are  the 
physical  result  of  a  design  change  after  the  engine  has 
been  fielded.  Either  the  contractor  or  the  government 
initiates  a  design  change  which  causes  the  engine  to  be 
modified.  There  are  various  types  of  changes.  They  in¬ 
clude-  safety,  security,  performance  enhancement,  and  relia¬ 
bility  changes.  The  modification  can  occur  at  depot  during 
overhaul  or  at  base  level  via  Time  Compliance  Technical 
Order  (TCTO) . 

The  type  of  modif icatii/n  kit  that  pertains  to  0&S  cost 
factor  development  is  the  class  IV  modification  kit.  This 
modification  is  initiated  to  enhance  the  maintainability. 
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safety,  and  reliability  of  the  engine.  It  does  not  change 
the  -fore,  fit  or  function  of  the  engine  nor  does  it  signi¬ 
ficantly  enhance  its  performance. 

As  with  the  replenishment  spares,  there  are  two  philo¬ 
sophies  of  collecting  costs.  The  “cost  of  operations"  can 
be  found  in  WSCRS.  The  “cost  of  doing  business"  can  be 
obtained  froe  the  Air  Logistic  Center  funds  managers  at 
Oklahoma  City  and  San  Antonio  depots.  As  with  the  MMMIR 
data  base,  modif ication  kit  costs  are  available  only  for 
those  engines  under  HQ  AFLC  maintenance  responsibility 

There  are  two  sources  for  bath  replenishment  spares 
and  class  IV  modif ication  kit  costs.  In  a  21  February 
1985  staff  visit  by  HQ  USAF/ACMC  and  HQ  AFAFC/CWM  to  HQ 
AFLC/ACMCI,  the  question  of  which  philosophy  to  pursue  was 
answered  based  on  the  need  for  predictive  budgetary  costs. 
The  cost  of  doing  business  for  replenishment  spares  and 
miodif ication  kits  will  be  the  direction  for  engine  O&S  cost 
factors  (29).  Therefore,  replenishment  spares  costs  will 
come  from  the  MMMIR  data  base  and  modification  kit  costs 
will  come  from  the  ALC  funds  mianagers  at  Oklahoma  City  and 
San  Antonio. 

Use  of  the  MMMIR  replenishment  spares  data  base  and 
the  miodif  ication  kit  inputs  from  funds  managers  causes  non- 
homogeneity  of  data  types  in  the  thesis’  effort  to  develop 
a  predictive  cost  model.  WSCRS  depot  maintenance  cost  data 
reflects  expenditures.  MMMIR  and  fund  manager  cost  data 
represents  obligations. 


The  MMfllR  replenishment,  spares  data  base  collects 
engine  spares  data  at  the  type/model  level.  It  does  not 
depict  costs  down  to  the  type/ model /series  level.  The  data 
provided  by  the  Air  Logistic  Center  -funds  managers  is  also 
collected  at  the  type/model  level,  not  down  to  the  type/ 
model /series  level.  The  one  exception  is  the  TF30  engine. 
The  funds  manager  at  Oklahoma  City  ALC  had  the  data  grouped 
with  the  TF30— 3, — 7, — 9  engines  together  and  the  TF30— 100 
separate. 

Both  the  replenishment  spares  and  the  modification  kit 
cost  data  bases  fall  under  HQ  AFLC  responsibility.  Conse¬ 
quently,  costs  for  engines  under  HQ  Systems  Command  will 
have  to  come  from  other  sources. 

Second  Destination  Tr anspor tat i on  Data  Source 

The  third  major  cost  category  to  be  included  in  the 
thesis  O&S  model  development  is  Second  Destination  Trans¬ 
portation  (SDT) .  SDT  costs  are  those  costs  incurred  when 
engines,  components,  parts,  kits,  etc.,  are  transported 
between  the  bases  and  the  depots.  Historically,  SDT  costs 
have  been  computed  by  taking  the  weight  of  the  engines  and 
engine  subelements  returned  to  depot  for  repair  from  the 
base  (Not  Repairable  This  Station)  and  multiplying  that 
weight  by  the  standard  cost  factors  in  AFLCP  173-10,  HQ 
AFLC  Cost  and  Planning  Factors,  and  then  multiplying  that 
by  a  factor  of  2  to  allow  f or  round  trip  costs  (15). 


The  Component  Support  Cost  System,  uses  an  algorithm 
of  this  nature  and  atteepts  to  collect  transportation  costs 
on  engines,  kits,  and  consumed  replenishment  spares.  Due 
to  systems  di-f-ficulty  CSCS  could  not  produce  these  costs 
(19). 

According  to  HQ  AFLC  Directorate  of  Programs/ 
Resources,  Budget  Requirements  Division  experts  (35)  and  HQ 
(JSAF/ACM,  there  are  no  existing  data  bases  that  depict 
transportation  costs  on  aircraft  weapon  systems.  For  the 
purpose  of  this  thesis  effort,  SDT  costs. are  developed  by 
taking  the  number  of  Mhole  engines  and  T56  and  FlOO  modules 
overhauled  per  year  (production  counts),  multiplying  the 
result  by  the  engine  weight,  multiplying  that  result  by  2 
(round  trip  cost),  and  multiplying  the  result  by  the  FY 
CONUS  (Continental  United  States)  shipping  rate  inflated  to 
FY  SS  dollars. 

To  employ  this  recommended  method  of  determining  SDT 
costs,  three  data  sources  must  be  utilized.  The  source  for 
the  number  of  engines  and  modules  overhauled  per  year 
(production  counts),  is  from  data  extracted  by  HO  AFLC/ 
ACMCI  from  the  LOG— MA (Q)  7312  report  (4).  The  source  for 
engine  weight  is  from  Transportation  Plan  71-1  on  Jet 
Aircraft  Engines  (39)  provided  by  the  Traffic  Branch,  Okla¬ 
homa  City  ALC.  The  source  for  CONUS  shipping  rates  is  from 
AFLCP  173-10  (3),  inflated  by  USAF  weighted  inflation 


indie 


(12) 


The  proposed  Methodology  for  estimating  SDT  restricts 
the  cost  of  SOT  to  only  that  cost  associated  Mith  transpor¬ 
ting  whole  engines  and  the  T56  and  FlOO  eodules.  It  ig¬ 
nores  the  contribution  resulting  froe  the  transportation  of 
engine  repairable  itees  (repairables) .  This  limitation 
requires  the  SDT  contribution  to  an  engine  cost  factor  to 
be  redefined  as  Partial  Second  Destination  Transportation. 

The  LOG— MA(Q)  7312  report  depicts  production  counts 
down  to  the  type/eodel /seri es  level  for  whole  engines  and 
modules.  However,  considering  the  small  dollar  impact 
partial  SDT  has  on  an  engine  OfcS  cost  per  engine  flying 
hour  factor  in  proportion  with  other  cost  elements,  the  SDT 
costs  will  be  computed  at  the  type/aodel  level.  Summary 
production  counts  at  the  type/aodel  level  are  readily  avail 
able  in  the  HQ  AFLC  Depot  Maintenance  Annual  Reports 
(2). 

There  is  no  existing  SDT  cost  data  base  for  jet  en¬ 
gines.  Therefore,  the  SDT  cost  must  be  estimated.  The 
proposed  methodology  for  estimating  SDT  costs  relies  upon 
whole  engine  and  module  production  counts.  It  does  not 
take  into  consideration  shipment  of  repairable  items.  This 
methodology  reduces  the  contribution  of  SDT  to  an  engine 
cost  model.  Consequently,  the  definition  of  SDT  must  be 
changed  to  partial  SDT. 


Data  Base  Search  and  Examination  Conclusions 


This  chapter  has  examined  the  costs  which  can  be 
included  in  an  O&S  data  base  -for  the  purpose  of  developing 
a  predictive  cost  estimating  relationship  model. 

Table  III  summarizes  the  cost  elements  used  in  this 
thesis  research  and  their  sources. 

TABLE  III 

DATA  BASE  SOURCE  SUMMARY 


Element 


Source 


Depot  Maintenance 
Contractor  Maintenance 

DPEM,  CS/PA,  Interservice 
Contractor  Logistics  Support 
Replenishment  Spares 

Modification  Kits 

Second  Destination 
Transportation 


WSCRS 


WSCRS 

KC10A  Program  Office 

MMMIR  Requirements/ 
Funding  History 

ALC  Funds  Managers 

Computed  from 
Weights,  Rates,  and 
Production  Counts 


Use  of  the  selected  sources  results  in  a  problem  of 
non— homogenei ty  of  data.  Four  of  the  sources  collect  costs 
as  they  are  expensed,  creating  expenditure  data.  The  other 
two  sources  collect  costs  as  they  are  obligated,  creating 
obligation  data.  The  following  Table  IV  summarizes  the 
cost  elements  and  their  respective  type  of  costs. 
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TABLE  IV 


DATA  TYPE  SUMMARY 


Element 

Source 

Depot  Maintenance 

Expenditure 

Contractor  Maintenance 

DPEM, CLS/PA,  Inter service 

Ex pendi ture 

Contractor  Logistics  Support 

Expenditure 

Replenishment  Spares 

Obligation 

Modification  Kits 

Obligation 

Partial  Second  Destination 

Tr ansportat i on 

Expenditure 

Chapter  III  Mill  explain  hOM  costs  are  extracted  fro* 
each  of  the  selected  cost  sources.  Chapter  IV  Mill  discuss 
hoM  the  extracted  costs  are  used  to  develop  a  cost  esti Ma¬ 
ting  relationship  model. 
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Chapter  III.  Cost  Collection  Methodol ogy 
Chapter  Overview 

The  engines  used  in  the  thesis  research  are  maintained 
by  different  organizations.  The  older  fielded  engines  are 
under  HQ  AFLC  Maintenance  responsibility  and  have  adequate 
historical  cost  records.  The  contractor  logistics  support 
engine,  the  F103-100,  does  not  have  a  historical  cost  data 
base  as  it  pertains  to  the  KC10A  aircraft.  The  same  limi¬ 
tation  is  true  of  the  newer  jet  engines  still  under  Systems 
Command  maintenance  responsibility.  Both  the  contractor 
maintained  engine  and  the  Systems  Command  maintained  en¬ 
gines  require  different  methodologies  for  collecting  and 
predicting  costs.  This  chapter  will  discuss  the  three 
different  eethodol ogi es  used  to  obtain  costs  for  the  eee- 
bers  in  the  thesis  sample  size. 

HQ  AFLC  Maintained  Jet  Engines  Methodol ogy 

The  general  methodology  for  cast  collection  entailed 
locating  historical  data  for  depot,  sustaining  investment, 
and  second  destination  transportation,  from  pre-established 
data  bases;  separating  the  costs  by  fiscal  year  (FY)  to  the 
appropriate  engine  type/model;  inflating  the  cost  to  FY85 
constant  year  dollars;  and  rounding  the  costs  to  the  near¬ 
est  thousand  dollars.  Specific  methodology  for  each  cost 
element  source  varies  with  the  assumptions  and  limitations 


imposed  by  the  data  sources 


Depot  Mai ntenance  Cost  Collection.  Depot 
Maintenance  costs  were  extracted  by  obtaining  a  special 
WSCRS  retrieval  -from  HQ  AFLC/ACMCI ,  Depot  Maintenance  Wea¬ 
pon  Systee  Cost  Data  <RCS:  HAF-ACM- (A&AR)  8202)  Cost  Sum¬ 
mary  in  FY83  dollars,  that  identifies  peculiar  or  allocates 
common  depot  maintenance  expenditures  by  type/model /series 
by  fiscal  year  (9). 

Cost  elements  extracted  from  the  retrieval  were: 

Direct  Labor  (military/civilian/other) 

Direct  Material 

Government  Furnished  Expense  Material 
Government  Funded  Services 
Operations  Overhead 

Other  Direct  Materials,  Labor,  and  Non¬ 
maintenance 

Contractor  and  Znterservice 

The  elements  were  summed  at  the  type/model  level  to 
get  a  fiscal  year  depot  maintenance  cost  for  each  year. 

The  extraction  provided  five  years  (FY79  -  FY83)  of  depot 
maintenance  cost.  Manual  computational  errors  and  missing 
data  (J57-43  and  TF41  engines)  necessitated  some  recompu— 
tat ions  and  substitution  of  some  FY83  WSCRS  cost  data  with 
FY82  WSCRS  costs  data  (inflated  to  FY85  dollars).  FY  83 
data  on  the  J57-43  engine  was  not  available.  The  FY  83 
cost  and  engine  flying  hours  for  the  J57-43  were  omitted 
from  the  data  collection  process.  Extracted  depot  mainten- 


ance  costs  are  at  Appendix  C 


Intuitively,  O&S  costs  of  jet  engines  would  be  expec¬ 
ted  to  be  greater  the  more  frequently  the  engine  is  used. 
Caspar ing  O&S  costs  of  a  less  utilized  engine  to  a  higher 
utilized  engine  gives  a  biased  perspective.  To  obtain  a 
relative  perspective  of  how  costly  the  engines  are  when 
cospared  to  each  other,  each  type/model  depot  maintenance 
cost  was  divided  by  the  appropriate  nusber  of  engine  flying 
hours  to  obtain  a  depot  maintenance  cost  per  engine  flying 
hour.  Those  historical  cost  factors  per  engine  flying  hour 
are  located  at  Appendix  D. 

The  engine  flying  hours  used  to  obtain  a  per  engine 
flying  hour  factor  were  extracted  from  the  WSCRS  data  base. 
The  engine  flying  hours  used  to  obtain  the  depot  mainten¬ 
ance  cost  per  engine  flying  hour  factor  and  all  subsequent 
per  engine  flying  hour  factors  are  itesized  in  Appendix  E. 

Sustaining  Investment  Cost  Collection.  As  discussed 
in  Chapter  II,  sustaining  investment  has  two  major 
components  -  replenishment  spares  and  class  IV  modification 
kit  costs.  The  data  sources  for  the  two  components  came 
from  separate  sources  which  required  separate  cost  collec¬ 
tion  methodologies. 

Replenishment  Spares.  HQ  AFLC/MMHIR  has  a 
Requirements/Funding  History  report  that  depicts  the  total 
funding  for  replenishment  spares  by  type/model  for  those 
engines  under  HQ  AFLC  maintenance  responsibility  (25) .  This 


cost  report  includes  Peace  Time  Operating  Stocks  <POS) ,  War 
Readiness  Spares  Kit  (WRSK) ,  Base  Level  Sel-f  Suff  iciency 
Spares  (BLSS),  and  Other  War  Readiness  Material  (OWRM) .  To 
be  compatible  with  aircraft  O&S  cost  factors  (28),  only  the 
Peace  Time  Operating  Stocks  <POS>  portion  of  the  total 
replenishment  spares  cost  was  extracted  from  the  report. 
These  costs  are  for  replenishment  buys  only.  They  do  not 
include  initial  spares  or  modification  kits  costs.  Since 
the  costs  on  the  report  are  in  "then  year  dollars",  i.e. , 
the  year  in  which  the  cost  occurred,  each  POS  funding  amount 
for  each  fiscal  year  and  each  type/model  had  to  be  inflated 
to  1983  year  dollars.  This  allows  for  a  true  representa¬ 
tion  of  growth  in  cost.  The  inflation  indices  used  were 
those  documented  on  table  3-3  of  AFR  173-10  (12).  For 
three  of  the  engines,  MMM1R  had  zero  entries  for  some  of 
the  fiscal  years.  Cause  for  the  zero  entries  was  attri¬ 
buted  to  two  possibilities.  The  first  was  that  the  source 
documentation  to  obtain  a  fisal  year  cost  value  was  not 
available.  The  second  reason  was  that  replenishment  spare 
parts  were  not  purchased  in  those  years.  The  data  base 
manager  felt  that  the  T3&  and  J33  data  had  zero  entries  due 
to  lack  of  source  documents.  It  is  possible  that  replenish¬ 
ment  spares  for  the  J33  engine  were  not  purchased  in  FY83. 

Lack  of  accurate  cost  data  could  understate  the  annual 
costs  for  these  three  engines.  In  addition  to  potential 
understatement  the  inclusion  of  Foreign  Military  Sales  cost 


data  in  the  fttllR  data  base  is  most  likely  to  overstate  the 
annual  historical  costs  for  all  the  engines. 

The  F100  (-100,  -200)  engine  POS  replenishment  spares 
data  was  not  recorded  in  the  MMMIR  data  base.  Instead,  it 
was  provided  by  the  San  Antonio  Requirements  Analyst  at  the 
San  Antonio  ALC  (20). 

Extracted  POS  replenishment  spares  cost  data  is  at 
Appendix  F. 


Modification  Kit  Costs.  The  second  component  of 
sustaining  investment,  class  IV  modification  kit  costs, 
came  from  a  different  data  base  than  did  the  first  com¬ 
ponent,  replenishment  spares.  Modification  kit  costs  per 
type/model  per  fiscal  year  were  extracted  from  information 
provided  by  the  funds  managers  at  the  San  Antonio  and 
Oklahoma  City  Air  Logistic  Centers  (5,22).  Since  the 
costs  were  expressed  in  then  year  dollars,  they  were 
inflated  to  FY  83  dollars  using  Table  5-3  in  AFR  173-13 
(12). 

Extracted  class  IV  modification  kit  costs  are  shown 
at  Appendix  6.  Zero  entries  indicate  that  kit  materials 
were  not  purchased  during  the  fiscal  year. 

Summation  of  Repleni shment  Spares  and 
Modification  Kit  Costs.  The  annual  costs  per  engine  for 
replenishment  spares  and  modification  kits  were  summed  to 


obtain  an  annual  sustaining  investment  cost  per  engine. 
Appendix  H  depicts  the  annual  sustaining  investment  cost 


par  engine. 

To  obtain  a  comparative  cost  -factor  -for  each  engine, 
sustaining  investment  costs  per  engine  flying  hour  were 
computed  by  dividing  the  annual  sustaining  investment  cost 
per  engine  by  the  number  of  annual  engine  flying  hours. 
Those  comparative  factors  are  given  at  Appendix  I. 

Second  Destination  Transportati on  Cost  Collection. 
Second  Destination  Transportat ion  costs  for  each  type/model 
level  of  engine  were  obtained  by  multiplying  the  number  of 
engines  overhauled  per  year  (2)  by  the  gross  packaged 
engine  weight  (39) .  The  resulting  value  was  multiplied  by 
two  in  order  to  ensure  round  trip  costs.  Next,  the  resul¬ 
ting  value  was  then  multiplied  by  the  then  year  CONUS 
shipping  rate  (3)  inflated  to  FY  85  dollars  (12). 

Engines  can  be  shipped  in  containers  or  on  trailers, 
shipped  by  truck  or  by  plane,  shipped  to  CONUS  locations  or 
overseas  locations.  For  the  purpose  of  this  thesis,  the 
engine  weight  as  packaged  in  a  container  was  used  (39). 

When  container  weights  were  not  provided,  then  trailer 
weights  were  used  (39).  In  some  instances,  multiple  trail¬ 
ers  or  containers  with  different  weights  could  be  used  on 
the  same  engine.  When  multiple  packaging  weights  for  the 
same  engine  were  available,  an  average  weight  was  computed. 
In  the  event  the  engine  was  not  listed,  a  factor  of  1.32 
was  multiplied  by  the  listed  engine  weight  (14)  in  order  to 
obtain  an  approximate  shipping  weight.  This  1.52  factor 


Mas  derived  by  comparing  the  engine  Meight  (14)  to  the 
adjusted  gross  Meight  when  packaged  (39).  The  raw  average 
di-f-ference  betMeen  the  two  weights  ranged  -from  a  factor  of 
1.043  to  a  factor  of  2.487.  The  average  difference  for  the 
fielded  engines  studied  in  in  this  thesis  was  1.52.  In  the 
transportation  plan,  only  the  packaged  weights  of  whole 
engines  were  listed.  Several  of  the  engines  in  the  study 
sample  are  modular  in  design.  That  is  the  whole  engine  is 
designed  into  easily  separated  and  repaired  parts  (modules) 
that  can  be  removed  and  be  replaced  in  lieu  of  the  whole 
engine  being  removed  and  repaired.  For  example,  the  F100 
engine  has  six  modules.  They  are  the  engine  core,  the 
inlet  fan,  the  fan  drive,  the  augmenter ,  the  gearbox,  and 
the  high  pressure  turbine.  An  attempt  was  made  to  locate 
module  weights  for  the  F100  and  T36  engines  but  none  were 
found.  For  the  FlOO  and  T56  engines  that  had  modules 
overhauled,  the  module  weight  was  derived  by  dividing  the 
engine  weight  by  the  number  of  modules  in  the  engine.  This 
weight  per  module  was  then  multiplied  by  the  1.52  factor  to 
obtain  an  estimated  packaged  weight  per  module. 

CONUS  surface  government  bill  of  lading  cost  per  pound 
factors  were  extracted  from  historical  issues  of  AFLCP  173- 
10  (3).  Fiscal  year  1979  cost  per  pound  was  not  avail¬ 
able.  Far  a  FY79  estimate,  the  FY80  value  was  used  without 
adjustment.  Each  cost  par  pound  estimate  was  inflated  to 
FY8S  dollars  using  080  inflation  rates  for  OScS  3400  non— POL 


and  non— Pay  category  (12). 

Appendix  J  contains  the  computed  annual  partial  Second 
Destination  Transportation  costs  -for  those  engines  under  HQ 
AFLC  maintenance  responsibility.  Appendix  K  depicts  the 
computed  annual  partial  Second  Destination  Transportation 
costs  per  engine  -flying  hour.  In  the  event  the  cost  per 
engine  -flying  hour  was  less  than  one  dollar,  the  amount  Mas 
entered  as  zero. 

Cost  Collection  Methodology  -for  Engines  Under  HQ  Systems 
Command  Maintenance  Responsibility 

0-f  the  sample  engines  under  study  in  this  thesis,  the 
six  in  Table  V  are  not  the  maintenance  responsibility  o-f  HQ 
AFLC.  Consequently,  alternate  means  of  data  collection  were 
used  to  obtain  cost  per  engine  flying  hour  estimates. 

TABLE  V 

JET  ENGINES  NOT  MAINTAINED  BY  HQ  AFLC 


Engine 

Aircraf t 

FlOO-llO 

F15/F16 

(re— engine) 

FI 00-220 

F13/F16 

(re-engine) 

FI  08 

KC135Q 

F101-100 

B1 A 

F101-102 

BIB 

F103-100 

KC10A 
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Base  Operating  and  Support  Cost  Model .  Estimates  for 


all  but  the  F103-100  were  obtained  -from  the  Requirements 
and  Planning  Office,  Propulsion  System  Division,  Air  Force 
Aeronautical  Logistics  Center  (HQ  AFLC/YZLR) .  YZLR  used 
the  Base  Operating  and  Support  Cost  Model  (BOSC)  to  derive 
the  cost  per  engine  flying  hour  estimates  (33,31). 

The  BOSC  Model  takes  engineering  estimates  for  the 
inputs  in  Table  VI  and  outputs  projected  O&S  costs  over  a 
given  period  of  production  years. 


TABLE  VI 


BOSC  MODEL  INPUTS 


Total  PAA 


Shop  Utilization  Rate 
Organizational  Maintenance  Hours 


Number  of  Production  Years 


Number  of  Steady  State  Years 


Constant  Year  Dollars 


Inflation  Factors 


Unit  Price  (of  an  average  buy) 
Whole  Spare  Engines  Quantity 


Outside  of  the  model,  YZLR  will  compute  second  desti¬ 


nation  transportation  and  replacement  support  equipment. 
These  factors  will  be  added  to  the  model  as  inputs.  Out¬ 


puts  of  the  model  are  depot  (organic  and  contract)  mainten 


anc«,  base  maintenance,  and  replenishment  spares.  Mainten¬ 
ance  includes  both  material  and  labor.  The  spares  cost 
include  condemnations  only. 


For  the  cost  per  engine  -flying  hour  estimates  gener — 
ated  -from  the  BOSC  model,  two  assumptions  were  mades 
(1)  the  engine  is  in  a  steady  state  con-figuration  and  (2) 
the  engine  is  mature.  The  costs  per  engine  flying  hour  in 
Table  VII  were  generated  from  BOSC  using  YZLR's  latest 
engineering  input. 

TABLE  VII 


BOSC  MODEL  ESTIMATES 

Engine 

Estimate 

FlOO-llO 

*240  -  *315  / 

EFHR 

FI 00-220 

*240  -  *315  / 

EFHR 

F10S 

*52.50  /  EFHR 

FlOl-lOO 

*280  /  EFHR 

F101—102 

*280  /  EFHR 

Content  of  the  BOSC  estimates  include  depot  mainte¬ 
nance,  base  maintenance,  and  replenishment  spares.  High  to 
low  ranges  were  provided  for  the  F100-100  and  FlOO-220 
engines.  Reason  for  the  range  was  the  sensitivity  of  costs 
in  the  source  selection  process. 

The  estimates  provided  by  the  BOSC  model  differ  in 
content  from  the  factors  computed  for  HQ  AFLC  maintained 


engines.  The  difference  is  that  these  BO SC  estimates  in¬ 
clude  base  maintenance  but  exclude  second  destination 


transportation  and  class  IV  modification  kits. 

DD  Form  633,  Contractor  Proposal 

The  last  engine  in  the  study  sample,  the  F103-100,  is 
maintained  through  contractor  logistics  support  (CLS) . 
Examination  of  WSCRS  data  revealed  costs  collected  for  the 
E4  aircraft,  also  powered  by  the  F103-100,  but  no  cost  data 
for  the  KC10A. 

In  contacting  the  Airlift  and  Training  System  Program 
Office  budget  office  (10)  the  following  methodology  was 
devised  using  contractor  proposals  itemized  on  a  DD  Form 
633  in  order  to  approximate  contractor  cost: 

Flying  hour  program  X  base  year  cost  rate 
X  program  peculiar  inflation  rates  to  get  then 
year  cost  /  OSD  inflation  index  *  FY  85 
dollar  costs. 

The  contractor  estimated  cost  was  then  divided  by 
engine  flying  hours  (aircraft  hours  X  three  engines)  to 
obtain  a  cost  per  engine  flying  hour  factor  for  comparing 
to  the  other  per  engine  flying  hour  estimates. 

From  the  above  methodology,  the  estimates  in  Table 
VIII  were  derived. 


TABLE  VIII 


F103-100  ENGINE  ESTIMATED  COSTS 


FY 

FlyHrs 

Base  Year 
Cost  Rate 

Inflation 

Rate 

OSD 

Inflation 

Cost /EFHR 
Estimate 

81 

1127.2 

102. 14 

1.3480 

.8651 

*53 

82 

5649.6 

102. 14 

1.5255 

.9327 

*56 

83 

11700.6 

102. 14 

1.6757 

.9719 

*59 

84 

17985.0 

102.14 

1.7652 

1.0298 

*58 

The  estimates  in  Table  VIII  include  costs  for  engine 
overhaul,  intermediate  repair,  and  replenishment  spares. 
These  estimates  contain  yet  another  different  composition 
than  did  the  HQ  AFLC  and  HQ  Systems  Command  maintained 
engines.  The  estimates  exclude  class  IV  modification  kits 
and  second  destination  transportation. 

Chapter  Summary 

Three  different  approaches  were  employed  to  derive 
annual  costs  per  engine  and  per  engine  flying  hour  esti¬ 
mates.  The  approaches  depended  upon  whether  the  engines 

* 

were  maintained  by  HQ  AFLC,  HQ  Systems  Command,  or  by 
contractor  logistics  support. 

Each  approach  estimated  costs  differently,  varying 
with  the  cost  source.  The  costs  for  HQ  AFLC  engines  were 
obtained  from  non— homogeneous  historical  data  bases.  Some 
of  the  cost  elements  were  expenditure  data  and  others  were 
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obligation  data.  The  cost  -for  the  contractor  logistics 
support  angina  Mara  obtained  by  estiaation  using  inputs 
-froa  the  contractor’s  original  proposal  (DD  Fora  633). 
Estimates  for  the  HQ  Systems  Command  maintained  engines 
Mare  derived  froa  the  BOSC  cost  estimating  model. 

Because  each  of  the  different  approaches  employed 
different  cost  elements,  care  is  advised  in  the  use  of 
these  factors  for  comparison  purposes  Mhen  the  engine  fac¬ 
tors  are  derived  froa  separate  sources. 

The  purpose  of  this  thesis  is  to  develop  a  means  of 
predicting  costs  for  jet  engines  currently  fielded  and  in 
the  active  Air  Force  Inventory.  Since  those  engines  not 
under  HQ  AFLC  maintenance  responsibility  do  not  have  a 
historical  cost  data  base  Mith  Mhich  to  compare  physical 
and  performance  characteristics,  they  Mill  be  deleted  froa 
the  development  of  a  cost  estimating  relationship  model. 

O&S  cost  per  engine  flying  hour  (as  defined  by  the 
three  different  approaches  and  as  restricted  to  available 
costs)  are  depicted  in  Appendices  L  through  N. 

This  chapter  accomplished  the  research  objective  of 
developing  a  cost  collection  methodology  Mith  Mhich  to 
collect  jet  engine  costs  from  their  respective  data  bases. 
The  next  chapter  Mill  discuss  the  process  folloeed  in  the 
development  of  a  cost  estimating  relationship  model.  The 
process  Mill  use  these  collected  costs  as  the  model’s 
independent  variable  and  Mill  examine  multiple  physical  and 


par for Manes  characteristics  in  saarch  of  potantial  depen¬ 
dant  variables. 


Chapter  IV.  Cost  Esti sating  Modal  Davalopsant  Methodology 
Chapter  Overview 

The  purpose  of  this  chapter  is  to  use  historical  cost 
data  in  order  to  develop  a  cost  estimating  model  that  will 
accurately  predict  O&S  cost  -for  those  engines  currently 
-fielded  in  the  USAF  active  inventory.  Once  reviewed  by  HQ 
USAF/ACMC  and  approved  by  the  Air  Force  Cost  Analysis 
Improvement  Group,  engine  O&S  cost  factors  that  depict  the 
annual  cost  per  engine  flying  hour  in  a  steady  state  condi¬ 
tion  will  be  published  in  Air  Force  Regulation  173—13,  USAF 
Cost  and  Planning  Factors. 

In  Chapter  Ill,  Cost  Collection  Methodology,  the 
discussion  of  the  various  sources  and  uses  of  cost  data  re- 
identified  a  major  difficulty  in  developing  a  predictive 
O&S  cost  model.  That  difficulty  is  the  lack  of  -disaggre¬ 
gated,  homogeneous,  longitudinal  data  associated  with  spe¬ 
cific  engine  types-  that  was  identified  by  Rand  Corporation 
researchers  in  March  1977  (26:1).  This  lack  of  suitable 
historical  cost  data  reduced  the  thesis”  scope  from  devel¬ 
opment  of  a  total  O&S  cost  model  to  a  model  that  addresses 
only  depot  maintenance,  sustaining  investment,  and  partial 
second  destination  transportation. 

This  chapter  fallows  closely  the  steps  the  Rand  Corpo¬ 
ration  researchers  used  in  their  October  1982  study  on  the 
Development  and  Production  Cost  Estimating  Relationships, 
for  Aircraf t  Turbine  Engines  (6).  Although,  the  Rand  study 


•m Mined  both  development  and  production  phasn  of  engine 
life  cycle  costs,  this  thesis  addresses  only  the  operating 
and  support  phase  of  jet  engine  life  cycle  costs. 

This  chapter  will  explain  the  methodology  used  to 
develop  cost  estimating  relationships.  Historical  cost 
data  collected  on  those  engines  under  HQ  AFLC  maintenance 
responsibility  along  with  physical  and  performance  charac¬ 
teristics  were  used  to  develop  various  cost  estimating 
relationships. 

A  cost  estimating  relationships  was  selected  as  the 
best  means  of  predicting  jet  engine  OfcS  costs.  With  a  cost 
estimating  relationship  the  estimated  cost  is  more  atuned 
to  the  changes  in  the  independent  variables.  Thus,  as  the 
engine’s  physical  and  performance  characteristics  change, 
so  can  the  cost  estimate. 

Selection  of  the  Independent  Variables 

Following  the  logic  used  by  the  Rand  researchers, 
three  criteria  for  selection  of  independent  variables  were 
set  forth  (6i 12).  The  first  criteria  was  that  the  variable 
had  to  be  logically  related  to  O&S  costs.  The  second 
criteria  was  the  variable  had  to  be  known  with  a  fair 
degree  of  accuracy.  The  third  criteria  was  that  the  vari¬ 
able  had  to  be  readily  obtainable. 

In  examining  various  physical  and  performance 


characteristics  of  jet  engines,  it  was  hypothesized  that  O&S 
costs  were  a  function  of  the  following: 
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1.  The  siza  of  tha  angina.  The  size  of  the  engine  is 
an  indication  of  the  number  of  parts  and  complexity  of  the 
engine.  The  greater  number  of  parts  and  the  more  complex 
they  are,  a  higher  cost  to  maintain  the  engine  is  expected. 
The  variable  indicative  of  size  that  was  most  readily 
available  was  engine  weight. 

2.  The  technology  and  performance  incorporated  into 
the  engine.  Technology  may  expand  the  mean  time  between 
failure  and  it  may  decrease  the  mean  time  to  repair.  These 
two  measures  of  maintainability  would  tend  to  decrease  O&S 
cost.  However,  increased  technology  also  suggests  more 
complex  and  costly  parts,  more  complex  testing  equipment, 
and  more  highly  skilled  laborers  to  maintain  the  engines. 
Variables  indicative  of  technology  and  performance  are 
specific  fuel  consumption,  turbine  inlet  temperature, 
thrust,  and  thrust  to  weight  ratio. 

3.  The  time  during  which  the  engine  was  developed. 

Time  of  development  is  important  in  that  it  is  another 
measure  of  technology  and  performance.  Later  engines  are 
more  technologically  advanced  and  have  greater  performance 
statistics  which  tend  to  increase  O&S  costs  considerably 
more  than  their  older  counterparts.  Conversely,  increased 
technology  might  improve  efficiency  and  reliability,  thus 
decreasing  costs.  A  variable  indicative  of  time  is  number 
of  fiscal  year  quarters  from  October  1942  to  the  engine 
Model  Qualification  Test  <MQT)  date.  October  1942  was 
selected  because  it  was  the  date  when  the  first  US  turbojet- 
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powered  aircraft  flew  (26s 14) .  Another  time  variable  is  the 
number  of  fiscal  year  quarters  from  the  MQT  date  to  the 
fourth  quarter  of  the  fiscal  year  applicable  to  the  cost 
data  collected,  e.g.,  MQT  date  to  fourth  quarter  1979, 

1980,  1981,  1982,  or  1983.  A  third  measure  of  time  is  the 
average  age  of  the  aircraft  fleet  powered  by  the  respective 
engines  under  study. 

4.  The  amount  of  modification  occurring  to  the  engine. 
Continuous  modification  of  jet  engines  would  have  a  cost 
impact  due  to  the  procurement  of  modification  and  time 
compliance  technical  order  kits.  Additional  labor  cost 
from  installing  the  modifi cat ions  would  also  be  incurred. 
Conversely,  with  class  IV  modifications  to  improve  the 
maintainability,  safety,  and  reliability  of  the  engine,  the 
maintainability  of  the  engine  should  be  expanded  so  that 
repairs  and  overhauls  are  less  frequent.  The  number  of 
class  IV  modification  kits  currently  in  progress  during 
fiscal  years  1979  through  1983  was  selected  as  a  variable 
indicative  of  the  modification  activity. 

3.  The  frequency  of  overhaul  maintenance.  Increases 
in  the  mean  time  between  overhaul  would  certainly  decrease 
the  depot  maintenance  contribution  to  O&S  engine  costs.  As 
shown  in  the  appendices,  depot  maintenance  represents  a 
sizeable  contribution  to  the  O&S  cost  of  jet  engines. 
Indicators  of  overhaul  activity  are  the  number  of  engines 
overhauled  per  year  (production  count)  and  the  number  of 


engines  removed  -for  overhaul  per  year  (both  scheduled  and 
unscheduled  removals).  The  difference  between  the  two 
indicators  is  an  engine  may  be  removed  for  overhaul  in  one 
period,  but  the  actual  overhaul  may  not  occur  until  a  later 
period.  A  third  indicator  of  overhaul  frequency  is  mainte¬ 
nance  manhours.  The  more  frequent  and  complex  the  over¬ 
haul,  the  more  maintenance  manhours  are  involved. 

6.  The  amount  of  usage  sustained  by  the  engine.  The 
more  wear  on  the  engine,  the  more  frequently  it  reaches  the 
maximum  time  between  overhaul.  The  indicator  selected  for 
engine  usage  was  engine  flying  hours  per  year. 

The  following  Table  IX  summarizes  the  explanatory 
physical  and  performance  variables  examined  for  inclusion 
in  the  cost  estimating  relationship  model.  Values  for  each 
of  the  variables  can  be  found  in  Appendix  O. 


cated  that  the  data  could  be  missing  -for  several  reasons. 
One  mould  be  the  lack  o-f  historical  documentation  in  which 


to  ex  tact  the  data.  A  second.  Mould  be  the  lack  o-f 
historical  memory,  i.e. ,  the  turn  over  in  personnel. 

Having  the  documents  but  lacking  the  personnel  to  interpret 
it  Mould  result  in  missing  data.  The  third  cause  for  miss¬ 
ing  data  Mould  be  computer  systems  error.  In  order  to 
average  the  erratic  behavior  of  these  sustaining  investment 
components,  their  five  year  total  Mas  derived  and  the 
average  yearly  value  Mas  substituted  for  the  actual  sust¬ 
aining  investment  costs. 

Averaging  the  data  has  trno  impacts.  First,  the  inter¬ 
cept  term  captures  the  available  sustaining  investment 
costs.  Second,  and  unavoidably,  the  cost  of  sustaining 
investment  is  not  able  to  vary  Mith  changes  in  the  indepen¬ 
dent  variables.  The  independent  variable  used  in  the  cost 
estimating  relationship  is  called  Adjusted  Cost  (ADJC)  to 
infer  that  the  sustaining  investment  inputs  Mere  averaged 
and  are  not  actuals. 

Selection  of  the  Cost  Estimating  Relationship 

ffcilti 1 inear  stepMise  regression  Mas  employed  to  test 
the  ability  of  the  selected  independent  variables  to  ex¬ 
plain  cost.  Selection  of  the  "best*'  cost  estimating  rela¬ 
tionship  relied  on  the  folloeing  three  selection  criteria. 
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First,  a  simple  model  is  preferred  to  a  more  complex 
model  if  the  sacrifice  in  explanatory  power  is  small. 

Second  the  cost  estimating  relationship  should  be 
logical.  Although  the  real  test  of  a  model  is  its  ability 
to  predict,  it  is  important  to  understand  why  the  indepen-* 
dent  variables  affect  cost  in  a  certain  way.  Understanding 
how  the  variables  affect  cost  ensures  that  the  model  will 
be  properly  applied  and  the  effects  of  changing  circum¬ 
stances  and  technology  will  be  correctly  anticipated. 

Third,  variables  that  are  proxies  of  each  other  should 
not  be  used  in  the  same  cost  estimating  relationship.  When 
variables  are  proxies  of  each  other,  they  can  substitute  for 
each  other  in  the  equation  without  changing  the  explanatory 
value  of  the  equation.  In  this  situation,  the  proxy  vari¬ 
ables  are  said  to  be  multi -col linear.  There  are  two  rea¬ 
sons  why  multi -col linear  variables  in  the  same  equation  are 
to  be  avoided. 

1.  Even  though  the  coefficient  estimates  remain  un¬ 
biased,  the  variance  of  the  coefficient  estimates  may  in¬ 
crease  dramatically.  This  effect  makes  it  very  difficult 
to  reject  the  null  hypothesis  that  a  particular  regression 
coefficient  has  a  value  of  zero. 

2.  Inclusion  of  both  proxy  variables  will  make  the 
equation  more  complex  than  necessary.  Since  one  proxy 
variable  can  replace  the  second  proxy  variable,  omitting 
one  of  the  pair  will  not  significantly  reduce  the  explana¬ 
tory  power. 


While  there  is  no  precise  means  of  identifying  multi— 
collinear  relationships,  a  “rule  of  thumb"  often  applied  in 
order  to  avoid  mul ti -col 1 inear i ty  is  to  omit  a  variable  if 
its  correlation  with  another  independent  variable  is  greater 
than  its  correlation  with  the  dependent  variable  (32). 

This  rule  was  applied  in  formulating  the  cost  estimating 
relationship  of  this  thesis. 

Chapter  Summary 

This  chapter  analyzed  both  the  dependent  and  indepen¬ 
dent  variables  which  are  candidates  for  inclusion  in  a 
multivariable  linear  regression  cost  estimating  relation¬ 
ship.  The  results  of  the  thesis  research  are  presented  in 
Chapter  V. 
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Chapter'  V.  Analysis 


Chapter  Overview 

This  chapter  will  achieve  the  -final  thesis  research 
objective  by  determining  the  best  multivariable  linear 
regression  cost  estimating  relationship  model  and  by  analy¬ 
zing  the  statistical  properties  of  the  model. 

Model  Selection 

With  the  aid  of  stepwise  regression  analysis,  the 
dependent  variable  AOJC  (adjusted  cost)  was  regressed 
against  combinations  of  all  twelve  independent  predictor 
variables.  The  stepwise  algorithm  used  begins  by  finding 
the  one-variable  model  that  produces  the  highest  R2.  Vai — 
iables  are  added  one  by  one  to  the  model.  After  a  variable 
is  added,  all  the  variables  already  in  the  model  are  exam¬ 
ined  and  any  variable  that  does  not  produce  a  F— statistic 
at  the  .10  level  of  significance  is  deleted.  Only  after 
the  examination  and  possible  deletion  of  insignificant 
variables  can  another  variable  be  added  to  the  model.  The 
process  ends  when  no  variable  has  a  significant  F-statistic 
or  when  the  variable  added  to  the  model  is  the  one  just 
deleted  from  it  (36s391).  Following  the  selection  criteria 
established  in  Chapter  IV  (logic  and  high  R2)  only  one 
model  stood  out  as  both  logical  and  having  a  high  level  of 
explanatory  power.  The  equation  for  the  model  is 
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ADJC  *  -415350  +  184.307  TIT  +  93565.729  SFC  +  18.962133  WT 
+  .049260  EFHRS 

In  the  rejection  process,  it  Mas  noted  that  all  the 
higher  explanatory  models  contained  the  same  four  basic 
physical  and  performance  characteristics  in  combination 
Mith  other  variables.  Those  four  variables  Mere  TIT  (tur — 
bine  inlet  temperature) ,  SFC  (specific  fuel  consumption), 

WT  (Meight),  and  EFHRS  (engine  annual  flying  hours).  Al¬ 
though  other  models  sometimes  had  higher  adjusted  R2,  they 
contained  variables  Mhich  appeared  to  be  highly  col linear 
Mith  TIT,  SFC,  WT,  and  EFHRS.  Since  their  contribution  to 
the  explanatory  poMer  of  the  equation  Mas  marginal  (typi¬ 
cally  they  only  raised  the  adjusted  R2  by  around  .04),  it 
Mas  decided  to  omit  those  variables.  Among  the  col linear 
variables  Mere  the  combinations  in  Table  X.  Each  of  these 
combinations  had  a  correlation  coefficient  of  .8  or 
greater.  Variables  Mith  an  asterisk  are  those  included  in 
the  cost  estimating  relationship. 


TABLE  X 


COLL I NEAR  COEFFICIENTS 


TIT 

WT  THRUST  THWT 

PROD 

ENGAGE 

MQT  OHRMEM 

TIT* 

.843 

- 

-.926 

.942 

WT* 

.  909 

- 

- 

-  - 

THRUST 

-  - 

- 

- 

—  - 

THWT 

- 

- 

-.844 

.858 

PROD 

- 

— 

.962 

ENGAGE 

- 

-.  985 

MOT 

• 

-  - 

OHREM 

- 

When  two  variables  had  a  higher  correlation  with  each 
other  than  what  they  did  with  the  dependent  variable  in 
separate  correlations,  only  one  variable  was  kept  for  in¬ 
clusion  in  the  cost  estieating  relationship.  The  variable 
selected  for  inclusion  was  the  one  which  contributed  to  the 
highest  adjusted  R2. 

Model  Evaluation 

The  saee  evaluation  techniques  used  by  the  Rand  re¬ 
searchers  (6:17-22)  were  applied  to  the  selected 
node! .  A  full  set  of  statistics  were  obtained  for  the 


model  and  are  depicted  in  Table  XI 


TABLE  XI 


SELECTED  MODEL  STATISTICS 


Dependent 

Variable:  ADJC 

Sum  of 

Mean 

Source 

DF 

Squares 

Square  F  Value  Prob>F 

Model 

4 

538599490734 

134649872684  80.596 

0.0001 

Error 

45 

75 1 80486883 

1670677486 

C  Total 

49 

613779977618 

Root  MSE 

40873.922 

R— Square  0. 8775 

Dep  Mean 

138746 

Adj  R-Sq  0.8666 

C.  V. 

29. 45946 

Variable 

DF 

Estimate 

Error  Parameter58© 

Pr  ob  >T 

Intercep 

1 

-415350 

38282.157  -10.850 

0.0001 

TIT 

1 

184.307 

17.615742  10.463 

0.0001 

SFC 

1 

93565. 729 

7876.178  11.880 

0.0001 

WT 

1 

18.962133 

3.869400  4.901 

0.0001 

EFHRS 

1 

O. 049260 

0.010832  4.548 

0.0001 

This  modal  moats  all  tho  modal  criteria  addressed  in 
Chapter  IV.  First,  the  model  is  logically  related  to  0&5 
costs.  The  independent  variables  TIT  SFC  klT  and  EFHRS  all 
contribute  to  the  O&S  cost  of  jet  engines  in  that  they  are 
functions  of  size,  technology,  performance,  and  usage. 
Second,  the  variables  are  all  known  with  a  fair  degree  of 
accuracy.  Third,  the  values  for  the  physical  and  perfor — 
nance  variables  are  available  in  the  Engine  Handbook  and 
the  EFHRS  values  have  been  collected  from  the  Weapons 
System  Cost  Retrieval  System  (WSCRS)  during  the  cost  data 
collection  process.  Fourth,  the  model  also  meets  the  cri¬ 
teria  for  cost  estimating  relationship  selection  in  that 
all  the  coefficients  on  the  independent  variables  are 


positive  as  would  be  expected  from  functions  of  weight, 
technology,  performance,  and  usage.  The  variables  have  been 
limited  to  four.  This  allows  for  the  employment  of  simpli¬ 
city  in  the  model  while  still  retaining  high  explanatory 
powers  indicative  by  the  0.8775  R2. 

Usefulness  of  the  Selected  Equat i on 

The  cost  estimating  relationship  equation  selected  is 
based  on  three  physical  and  performance  character istics 
(TIT,  SFC,  and  WT)  and  one  usage  factor  (EFHRS) .  These 
factors  allow  for  both  design  and  usage  to  be  predictors 
for  annual  partial  OfcS  costs  on  jet  engines  currently  in 
the  US  Air  Force  active  Inventory. 

Use  of  a  cost  estimating  relationship  allows  for  the 
analysis  of  the  impact  on  cost  as  one  of  the  explanatory 
variables  change,  e. g. ,  if  the  design  parameter  TIT  is 
increased,  then  holding  all  other  variables  constant,  the 
effect  of  Til  on  ADJC  can  be  evaluated. 

A  cost  estimating  relationship  allows  for  the  separa¬ 
tion  of  fixed  costs  from  variable  costs.  The  fixed  portion 
can  be  found  in  the  intercept  term.  The  variable  portion 
can  be  found  in  the  coefficients  preceding  the  explanatory 
variables. 

With  a  cost  estimating  relationship,  variable  cost 
factors  can  be  obtained  for  use  in  comparative  cost  anal¬ 
yses  of  present  and  proposed  weapon  systems;  in  cost  trade¬ 
off  studies  to  determine  impact  of  design  alternatives  for 


new  engines;  in  reports  to  Congress  on  the  costs  of  opera¬ 
ting  engines;  and  in  estimating  budget  requirements. 

Examples  of  how  to  use  the  cost  estimating  relation¬ 
ship  are 

—  Determine  the  annual  0&S  cost  impact  of  flying  an 
additional  lOOO  engine  flying  hours  with  all  other  vari¬ 
ables  remaining  constant.  To  do  so  requires  the  lOOO 
engine  flying  hours  to  be  multiplied  by  the  coefficient 
0.049260.  This  produces  49.260  in  thousands  of  FY85 
dollars,  or  449,260.00  in  OScS  cost  for  lOOO  engine  flying 
hours. 

—  Determine  the  0&S  cost  impact  of  an  engine  that  has 
an  annual  usage  of  36,000  engine  flying  hours,  has  a  tur — 
bine  inlet  temperature  of  1970  degrees  Farenheit,  has  a 
maximum  specific  fuel  consumption  of  2.3,  and  weighs  4062 
pounds.  With  the  given  information,  the  equation  would  look 
like  this: 

ADJC  -  -413350  +  184.307  (1970)  +  93565.729  <2. 5)  ♦ 
18.962133  ( 4062 >  +  .049260  (36,000) 

The  result  would  be  ADJC  »  4260,447  in  thousands  of  FY85 
dollars. 

-  For  the  above  example,  determine  the  annual  partial 
OfcS  costs  per  engine  flying  hour.  To  do  so  requires  the 
4260,447  in  thousands  of  FY85  dollars  to  be  divided  by 
36,000  engine  flying  hours.  The  result  is  47,235  in  FY83 
dollars. 
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Chapter  Summary 


This  chapter  identified  the  best  multivariable  linear 
regression  cost  estimating  relationship  model.  The  model* 
statistical  properties  were  analyzed  and  the  model  Mas 
-found  to  be  both  logically  and  statistically  sound. 

Chapter  Six  will  complete  the  thesis  efforts  by 
providing  conclusions  and  suggestions  for  future  research. 


Chapter  VI.  Conclusions  and  Suggestions  for  Future 

Research 

Limitations  of  the  Results 

The  regression  equation  is  based  on  a  data  set  which 
considers  ten  HQ  AFLC  maintained  engines  at  the  type/model 
level  of  indenture.  For  each  engine  there  are  five  years 
of  data.  This  provides  the  data  base  with  fifty  data 
points.  Consolidating  the  data  pertinent  to  ten  engines 
into  one  data  base  consolidates  all  their  experience 
together  e.g.,  what  drives  cost  for  the  TF34  engine  also 
drives  cost  in  the  TF41  engine.  This  consolidation  helps 
to  compensate  for  the  small  sample  sizes  of  each  engine 
(five  points)  and  it  helps  to  reduce  the  variances  of  the 
regression  coefficient  estimates.  This  consolidation  pro¬ 
cess  assumes  that  each  engine  will  have  the  same  fixed 
cost,  i.e. ,  the  intercept  term.  Miile  the  assumption  may 
be  valid,  it  has  not  been  tested  in  this  thesis  effort. 
Additional  annual  cost  data  collection  by  type/model /series 
level  would  increase  the  data  points  for  each  engine.  With 
a  sufficient  number  of  data  points  for  each  engine,  a 
separate  cost  estimating  relationship  for  each  engine  might 
be  developed.  The  results  of  ten  separate  cost  estimating 
relationship  versus  one  consolidated  one  is  that  fixed 
costs  would  be  more  reflective  of  the  individual  engine  and 
variable  costs  would  be  reflective  of  changes  in  the 
respective  engines’  programs.  Attempts  to  study  this  issue 
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were  thwarted  by  the  small  sample  size  and  lack  of  vari¬ 
ability  in  the  data  sets  associated  with  individual 
engines.  Future  research  based  upon  experience  over  a 
longer  period  of  time  and  which  includes  more  engines  may 
be  able  to  address  this  particular  issue. 

The  cost  data  upon  which  the  regression  model  is  based 
are  non— homogeneous.  Some  of  the  costs  are  obligations 
(reflective  of  purchases  to  be  consumed  at  a  later  period) 
and  others  are  expenditures  (reflective  of  when  the 
resources  are  consumed).  The  use  of  obligation  data  makes 
it  more  difficult  to  study  the  relationship  of  changes  in 
the  independent  variables  to  changes  in  cost.  The  same 
type  of  limitation  was  imposed  by  the  necessity  of  averag¬ 
ing  sustaining  investment  material  cost  data.  The  cost 
estimating  relationship  estimates  obtained  could  be  improved 
by  the  removal  of  these  limitations. 

Another  limitation  is  that  the  data  set  included 
Foreign  Military  Sales  in  the  replenishment  spares  contri¬ 
bution  to  cost.  Inclusion  of  spares  purchased  for  Foreign 
Military  Sales  inflates  the  replenishment  spares  contri¬ 
bution  to  the  O&S  costs  of  US  Air  Force  engines  and  may 
have  marginally  reduced  the  explanatory  power  of  the  cost 
estimating  relationship. 

The  estimate  derived  from  the  use  of  this  thesis  model 
is  not  a  total  OtcS  estimate.  The  cost  estimating  structure 
upon  which  this  thesis  is  structured  represents  only  par- 


tial  O&S  costs.  Personnel  training,  retirement,  computer 
software,  and  jet  fuel  were  not  addressed  in  the  cost 
element  structure  and  were  omitted  from  this  thesis  effort. 
Due  to  lack  of  data,  the  base  maintenance  contribution  to 
cost  was  also  deleted.  In  addition,  the  second  destination 
transportation  contribution  is  only  partial  in  that  it  does 
not  capture  the  cost  effect  of  shipping  spares  among  the 
depots  and  installations. 

As  with  all  regressions,  the  equation  was  derived  from 
a  limited  number  of  sample  members.  All  of  the  members  are 
engines  under  HQ  AFLC  maintenance  responsibility.  All  of 
the  members  are  alder  engines  and  have  been  in  the  active 
Air  Force  Inventory  for  some  time.  Use  of  this  cost  esti¬ 
mating  relationship  model  for  estimation  of  newer,  non-HQ 
AFLC  maintained  engine  costs  warrants  caution.  In  add¬ 
ition,  this  model  is  not  recommended  for  predictive  pur¬ 
poses  for  those  engines  whose  physical  and  performance 
character i sties  exceed  the  values  of  the  sample  engines. 


Suggestions  For  Future  Research 

Chapter  II  searched  -for  data  bases  -from  which  to 
develop  a  predictive  jet  engine  0&S  cost  model.  Limita¬ 
tions  and  constraints  of  each  data  base  were  identified.  A 
recommended  thesis  effort  would  be  to  study  each  data  base 
and  evaluate  how  the  data  collection  and  reporting  process 
could  be  enhanced  so  as  to  allow  the  data  bases  to  be  more 
conducive  to  jet  engine  cost  prediction  purposes. 

A  systems  analysis  of  the  transportation  process  at 
the  Air  Logistic  Centers  would  be  beneficial.  The  purpose 
of  the  analysis  would  be  to  trace  the  shipping  documenta¬ 
tion  of  engines  and  engine  spares  to  determine  if  shipping 
costs  could  be  collected  at  the  jet  engine  type/model/ 
series  level  of  indenture. 

Cl osi ng  Remarks 

This  thesis  has  taken  the  original  HQ  AFAFC/CWI1 
efforts  several  steps  further.  First,  it  has  identified 
and  evaluated  all  pertinent  data  bases  from  which  jet 
engine  OfcS  costs  could  be  developed.  Second,  a  predictive 
model  was  derived  from  the  available  jet  engine  O&S  cost 
data.  From  the  model  the  following  benefits  can  be  gained: 

-  Partial  O&S  costs  can  be  predicted. 

-  The  effects  of  variable  costs  can  be  evaluated. 

-  Cost  factors  can  be  derived. 

Future  improvements  will  require  more  homogeneous  data 
at  the  type/model /series  level  of  indenture.  Until  accu- 
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rat*  data  at  that  level  can  b*  compiled,  a  predictive  means 
for  determining  jet  engine  costs  will  have  to  be  based  on  a 
composite  model. 


Appendix  A:  Cost  Element  Definitions 


Depot  Level  Cost  Eleeents 


Depot  Maintenance:  That  maintenance  which  is 
the  responsibility  of  and  performed  by 
designated  maintenance  activities,  to  augment 
stocks  of  servicable  material,  and  to  support 
Organizational  Maintenance  and  Intermediate 
Maintenance  activities  by  the  use  of  more 
extensive  shop  facilities,  equipment  and 
personnel  of  higher  technical  skill  than  are 
available  at  the  lower  levels  of  maintenance. 

Its  phases  normally  consist  of  inspection, 
test,  repair,  modification,  alterations, 
modernization,  conversion,  overhaul, 
reclamation  or  rebuilding  parts,  assemblies, 
subassemblies,  components,  equipment,  end 
items,  and  weapon  systems:  the  manufacture  of 
critical,  nonavailable  parts:  and  providing 
technical  assistance  to  intermediate 
maintenance  organizations,  using  and  other 
activities.  Depot  maintenance  is  normally 
done  in  fixed  shops  or  by  depot  field  teams 
(13:82). 

Direct  Labor:  Production— type  "hands-on** 
labor  performed  by  a  Resource  Control  Center 
of  a  maintenance  production  branch  or  laboratory. 
Direct  labor  is  defined  as  that  labor  which  (1) 
increases  the  value  or  utility  of  a  product  by 
altering  the  composition,  condition,  conformation, 
or  construction  of  the  product  or  which  provides  a 
service  directly  to  the  customer  rather  than  in 
support  of  other  direct  labor  in  the  Directorate  of 
Maintenance;  (2)  can  be  accurately,  consistently, 
and  economically  identified  to  a  product,  group  of 
products,  or  customer;  (3>  is  supported  by 
official  work  requests  and  authorized  by 
prescribed  work  authorization  documents  (WAD) 
indicating  the  specific  nature  of  the  work  to  be 
done;  and  (4)  is  applied  to  the  product  or  group 
of  products  of  a  customer  outside  the  Directorate 
of  Maintenance  (13:83). 

Modification  Installation  Labor:  That  direct 
labor  expended  in  the  installation  of 
modification  kits. 


Direct  Materials  Expense  material  that  enters 
directly  into  or  becomes  a  part  of  the 
functional  characteristic  of  the  product  and 
can  be  related  to  specific  end  items  or 
readily  measured  and  charged  to  specific  job 
or  end  products  (13:83). 

Government  Furnished  Material:  Any  item  of 
government  property  provided  to  a  government 
contractor  for  incorporation  in  the  end 
articles  to  be  produced  under  the  terms  of  the 
contract  (13:83). 

Operations  Overhead:  Is  all  indirect  labor, 
indirect  material,  and  services  that  can  be 
reasonably  allocated  or  economically  identified  to 
a  Resource  Center.  Operations  overhead  costs 
include  the  maintenance  functions  of  Production 
Division  Administration,  Production  Branches  above 
Resource  Center  level.  Operations  Branch,  Planning 
and  Engineering  Branch,  Scheduling  Branch, 
Inspection  Branch,  and  the  Quality  Assurance  Branch 
(13:84) . 

Other  Direct  Cost:  This  is  the  cost  of  per 
diem  and  travel  expenses  incurred  in  support 
of  mission  TDY.  It  also  includes  the  cost  of 
contract  services  performed  in  support  of 
organic  workloads.  This  includes  contract 
support  services  only;  it  doesn't  include 
contract  depot  level  maintenance  costs  (13:84) 


Baas  Level  Csal  glgmenL^ 

Base  Maintenance  Support:  Organizational  and 
intermediate  maintenance  performed  below  depot 
level.  It  includes  contractors  performing  at 
this  level  but  excludes  depot  level 
maintenance  performed  at  base  level  (13:82) 

Direct  Labor:  Same  definition  as  Depot 
Maintenance  Direct  Labor,  but,  as  it  pertains 
to  the  base  level  environment. 

Direct  Material:  Same  definition  as  Depot 
Maintenance  Direct  Material,  but,  as  it 
pertains  to  the  base  level  environment. 

Indirect  Labor,  Material,  and  Non— Maintenance: 
Include  base  level  operations  overhead  categories 
of  cost. 


Other  Cost  Eip«gnt§ 


Contractor  Maintenance:  Any  maintenance 
performed  under  contract  by  commercial 
organizations  (13:82). 

Sustaining  Investment:  Includes  Class  IV 
Modification  Kit  and  Replenishment  Spares 
purchases. 

Class  IV  Modification  Kits:  Parts  installed 
to  correct  an  equipment  deficiency  or 
installtion  deficiency  that  affects 
maintainability,  reliability,  or  inflight 
safety  (13:82). 

Replenishment  Spares:  Include  those 
repairable  components,  assemblies,  or 
subassemblies  required  to  resupply  initial 
stockage  or  increase  stockage  for  reasons 
other  than  support  of  newly  fielded  end  items 
during  peacetime  (40).  The  type  of  spares 
addressed  by  this  thesis  are  called  Peacetime 
Operating  Stock  (POS) . 

Second  Destination  Transportation:  The  cost 
of  freight,  cartage,  handling  charges,  and  the 
like  of  items  shipped  from  the  first  station  or 
depot  to  the  second  station  or  depot  (37:613). 
This  thesis  addresses  costs  for  transfer  of  whole 
engines  only.  Repairable  components  are  not 
included  in  the  estimates. 


Appendix  B:  Functional  Definitions 


TURBOJET:  The  turbojet  is  the  basic  engine  of  the  jet 

age.  Air  is  drawn  in  through  the  front  intake.  The 
compressor  squeezes  the  air  to  many  times  normal 
atmospheric  pressure  and  forces  it  into  the  combustion 
section.  Here,  fuel  is  sprayed  into  the  compressed 
air,  is  ignited  and  burned  continuously  like  a 
blowtorch.  The  burning  gases  expand  rapidly  rearward 
and  pass  through  the  turbine.  The  turbine  extracts 
energy  from  the  expanding  gases  to  drive  the 
compressor,  which  packs  in  more  air.  After  leaving 
the  turbine,  the  hot  gases  blast  their  way  out  the 
rear  of  the  engine,  giving  the  aircraft  its  forward 
push.  .  .action,  reaction  (21:28). 

TURBOPROP:  A  turboprop  engine  uses  thrust 

to  turn  a  propeller.  As  in  a  turbojet,  hot  gases 
rushing  through  the  engine  rotate  a  turbine  wheel  that 
drives  the  compressor.  The  gases  then  pass  through 
another  turbine,  called  a  power  turbine.  This  power 
turbine  is  coupled  to  the  shaft  which  drives  the 
propeller  through  gear  connections  (21:29). 

TURBOFAN:  A  turbofan  engine  is  basically  a  turbojet 

to  which  a  fan  has  been  added.  Turbofans  can  be 
placed  either  at  the  front  or  the  rear  of  the  engine. 
In  the  case  of  a  front  fan,  the  fan  is  driven  by  a 
second  turbine,  located  behind  the  primary  turbine 
that  drives  the  main  compressor.  The  fan  causes  more 
air  to  flow  around  the  engine  than  through  it.  This 
produces  greater  thrust  and  reduces  specific  fuel 
consumption  at  subsonic  and  certain  supersonic  speeds 
(21:30) . 


Appendix  C:  Historical  Depot  Maintenance 


Cost  Per  Engine  at  the  Type/Model  Level 


FY85  <000)  Dollars 


T/M 

FY79 

FY80 

FY81 

FY82 

FY83 

TF41 

47939 

41731 

34170 

40025 

39606 

TF34 

4009 

8740 

18104 

11375 

21011 

J57 

84905 

84453 

87626 

80216 

51960 

TF33 

29457 

31385 

40457 

47056 

58205 

TF39 

22832 

29690 

36300 

61059 

99249 

T56 

34825 

34812 

39457 

47107 

63976 

J79 

74249 

72920 

63496 

101757 

145184 

FlOO 

42953 

61439 

80580 

93421 

128263 

TF30 

62705 

62647 

80896 

95236 

75913 

J33 

1504 

3440 

2944 

3383 

2248 

Content  of  the  above  depot  maintenance  costs  include 
direct  labor  (mi 1 itary/civi 1  ian/other ) ;  direct  material; 
government  furnished  expense  material;  government  furnished 
services;  operations  overhead;  other  direct  materials, 
labor,  and  non-maintenance;  and  contractor  and 


inter service 


Appendix  E:  Historical  Engine  Flying  Hours 


Per  Engine  at  the  Type/Model  Level 


T/M 

FY79 

FY80 

FY81 

FY82 

FY83 

TF41 

94101 

91423 

83759 

83770 

85202 

TF34 

153820 

237024 

328360 

427244 

454328 

J57 

1604084 

1618244 

1 640096 

1577203 

858284 

TF33 

1635844 

1634376 

1701604 

1744364 

1813400 

TF39 

194628 

204532 

208640 

212080 

217400 

T56 

1244368 

1423236 

1457532 

1508792 

1494568 

J79 

788302 

720826 

706244 

686126 

699506 

FlOO 

186792 

232931 

299732 

394713 

465715 

TF30 

187180 

183433 

190094 

190862 

192892 

J33 

56709 

54165 

53532 

52812 

51895 

The  above  engine  -flying  hours  were  extracted  from  the 


Weapon  System  Cast  Retrieval  System  data  base 


Appendix  Fs  Historical  PQS  Repl eni shment  Spares 
Cost  Per  Engine  at  the  Type/Model  Level 
FY85  (000)  Dollars 


T/M 

FY79 

FYS0 

FY81 

FY82 

FY83 

TF41 

11774 

5674 

SOSO 

25193 

31473 

TF34 

17745 

5248 

51572 

43445 

97981 

J57 

134163 

29362 

28805 

53856 

44774 

TF33 

O 

0 

O 

0 

173040 

TF39 

40962 

141276 

110566 

412853 

75297 

T56 

O 

0 

13082 

34704 

O 

J79 

17579 

36170 

57987 

74293 

78741 

FlOO 

316086 

162553 

220629 

360026 

489074 

TF30 

80265 

91064 

133585 

83548 

297862 

J33 

3151 

2695 

1887 

2699 

O 

The  above  POS  replenishment  spares  costs  were 
extracted  form  a  HQ  AFLC/MMHIR  locally  used  data  base.  The 
costs  do  include  Foreign  Military  Sales  contributions. 

Zero  values  are  indicative  of  lack  of  source  data  or  lack 
of  purchases  for  that  year. 


Appendix  Gs  Historical  Cl  ass  IV  Modif  i  cat  ion  Kit 
Cost  Per  Engi ne  at  the  Type/Model  Level 
FY85  (000)  Dollars 


T/M 

FY79 

FY80 

FY81 

FY82 

FY83 

TF41 

3945 

2428 

5574 

26549 

32544 

TF34 

O 

O 

0 

320 

0 

J57 

0 

0 

0 

0 

0 

TF33 

0 

O 

0 

568 

408 

TF39 

320 

0 

1586 

632 

317 

T56 

58 

36 

0 

O 

O 

J79 

O 

0 

O 

17010 

24821 

FlOO 

O 

O 

0 

O 

14607 

TF30 

2790 

2802 

2908 

50773 

43216 

J33 

O 

O 

O 

O 

O 

The 

above  class 

IV  modification 

kit  costs 

were 

provided  by  ALC  funds  managers.  Zero  entries  indicate  no 
purchases  made  that  year. 


Appendix  Hs  Historical  Sustaining  Investment 
Cost  Per  Engine  at  the  Type/Model  Level 


T/M 

FY79 

TF41 

15719 

TF34 

17745 

J57 

134163 

TF33 

0 

TF39 

41282 

T56 

58 

J79 

17579 

F100 

316086 

TF30 

83055 

J33 

3151 

PY85  <000)  Dollars 

FY80  FY81 

8102  13624 

5248  51572 

29362  28805 

0  0 
141276  112152 

36  13082 

36170  57987 

162553  220629 

93866  136493 

2695  1887 


FY82 

FY83 

51742 

64017 

43765 

97981 

53856 

44774 

568 

173448 

413485 

75614 

34704 

0 

91303 

103562 

360026 

503681 

134321 

341078 

2699 

O 

Content  of  the  above  costs  include  Peacetime  Operating 
Stock  (POS)  replenishment  spares  and  class  IV  modification 
kit  costs.  Foreign  Military  Sales  contributions  are  also 
included  in  the  replenishment  spares  values.  Some 
historical  spares  data  is  missing. 
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Appendix  I:  Sustaining  Investment 
Cost  Per  Engine  Flying  Hour 


at  the 

Type/Model 

Level  FY85 

Dollars 

T/M 

FY79 

FY80 

FY81 

FY82 

FY83 

TF41 

160 

80 

160 

610 

750 

TF34 

110 

20 

150 

100 

210 

J57 

80 

10 

10 

30 

50 

TF33 

0 

0 

0 

0 

90 

TF39 

210 

690 

530 

1940 

340 

T5A 

O 

0 

9 

20 

0 

J79 

20 

50 

80 

130 

140 

FlOO 

1690 

690 

730 

910 

1080 

TF30 

440 

510 

710 

700 

1760 

J33 

50 

40 

30 

50 

O 

Content  of  the  above  -factors  include  Peacetime 
Operating  Stock  (POS)  replenishment  spares  and  class  IV 
modification  kit  costs.  Foreign  Military  Sales 
contributions  are  also  included  in  the  replenishment  spare 
values.  Some  historical  spares  data  is  missing. 


Appendix  J:  Parti al  Second  Destination  Transportation 
Cost  Per  Engine  at  the  Type/Hodel  Level 


FY85  (000) 

Dollars 

T/M 

FY79 

FY80 

FY81 

FY82 

FY83 

TF41 

260 

205 

178 

140 

99 

TF34 

3 

8 

6 

24 

30 

J57 

757 

752 

778 

714 

373 

TF33 

143 

141 

175 

276 

226 

TF39 

102 

89 

164 

300 

442 

T56 

112 

146 

269 

297 

342 

J79 

757 

760 

733 

816 

741 

FlOO 

235 

258 

459 

498 

589 

TF30 

409 

343 

373 

430 

436 

J33 

0 

2 

5 

4 

4 

The  above  partial  SDT  costs  include  estimates  for 
shipment  of  whole  jet  engines  and  estimates  for  shipping 
the  modular  units  of  the  FI 00  and  T56  engines.  Repairable 
items  shipment  costs  are  not  included. 
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Appendix  Ks  Partial  Second  Destination  Transportati on 
Cost  Per  Engine  Flying  Hour  at  the  Type/Model  Level 

FY85  Dollars 


T/M 


FY79  FY80  FY81 


FY82  FY83 


TF41 

TF34 

J57 

TF33 

TF39 

T36 

J79 

FlOO 

TF30 

J33 


3 

0 

0 

o 

o 

o 

1 

1 

2 

o 


2 

0 

o 

o 

o 

o 

1 

1 

2 

o 


2 

O 

o 

o 

o 

o 

1 

2 

2 

O 


2 

O 

O 

o 

1 

o 

1 

1 

2 

o 


1 

o 

o 

o 

2 

o 

1 

1 

2 

O 


The  above  partial  SDT  cost  -factors  include  estimates 
for  shipment  of  whole  jet  engines  and  estimates  for  shipping 
the  modular  units  of  the  FlOO  and  T56  engines.  Repairable 
items  shipment  costs  are  not  included.  In  the  event  the 
computed  cost  per  engine  flying  hour  was  less  than  one 
dollar,  the  amount  entered  was  zero. 
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Appendix  L:  Q&S  Cost  Per  Engine  FI ying  Hour 
For  Engines  Maintained  by  HQ  AFLC 
Type/Model  Level 
FY85  (000)  Dollar 


T/M 

FY79 

FY80 

FY81 

FY82 

FY83 

TF41 

670 

340 

570 

1090 

1210 

TF34 

140 

50 

210 

120 

260 

J57 

130 

70 

70 

80 

no 

TF33 

io 

10 

20 

20 

120 

TF39 

320 

830 

710 

2230 

800 

T56 

20 

20 

30 

50 

40 

J79 

HO 

150 

170 

280 

350 

FlOO 

1920 

960 

1000 

1150 

1350 

TF30 

780 

850 

1140 

1200 

2160 

J33 

80 

110 

90 

no 

40 

The 

above  O&S 

cost  per 

engine 

flying  hour 

for  engif 

under  HQ  AFLC  responsibility  sum  the  costs  for  depot  level 
maintenance,  POS  replenishment  spares,  class  IV 
modification  kit  costs,  and  partial  second  destination  on 


Mhole  engines 


Appendix  Ms  O&S  Cost  Per  Engine  Flying  Hour  for  Engines 
Under  Systems  Command  Maintenance  Responsi bi 1 i ty 
at  the  Type/Model  Level 
FY85  Dollars 


Engine 

Estimate 

FlOO-llO 

*240  - 

*315  / 

EFHR 

FI 00-220 

*240  - 

*315  / 

EFHR 

F108 

*52.50 

/  EFHR 

F101-100 

*280  / 

EFHR 

F101-102 

*280  / 

EFHR 

The  above  O&S  cost  per  engine  flying  hour  for  engines 
under  HQ  Systems  Command  maintenance  responsibility  are 
derived  from  the  BOSC  model.  Content  of  the  estimates 
include  depot  level  maintenance,  base  maintenance,  and 
replenishment  spares. 
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Appendix  N:  O&S  Cost  Per  Engine  Flying  Hour 
for  Engines  Under  Contract  Logistics  Support 
at  the  Type/Model  Level 
FY85  Dollars 


Engine 

FY81 

FY82 

FY83 

FY84 

F103-100 

53 

56 

59 

58 

The  above  O&S  cost  per  engine  flying  hour  were  derived 
from  contractor  proposals.  Content  of  the  estimates 
include  engine  overhaul t  intermediate  repair,  and 
replenishment  spares. 
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Appendix  Os  Physical  and  Performance  Characteristics 


Engine 

WT 

Lbs 

SFC 

TIT 

Fo 

THRUST 

Lbs 

TF30 

4062 

2.5 

1970 

18500 

TF34 

1421 

.37 

2234 

9065 

TF41 

3175 

.647 

2157 

14500 

TF33 

3905 

.52 

1600 

16500 

J79 

3665 

1.945 

1775 

17000 

J57 

3870 

.775 

1600 

13750 

T56 

1833 

.528 

1780 

3775 

TF39 

7186 

.315 

2350 

40805 

r  4  AA 

17 

2565 

23840 

OHREM  MMHRS 


341  1096480 
343  1170S80 
372  1247660 
434  1348908 
422 

14  16919 


436754 

396621 

344952 

314138 


1279323 

1381084 

1311670 

1213916 


1407074 

1478894 

1281676 

919409 


1286529 

1391015 

1327382 

1216261 


407800 

478071 

543513 

467726 


421593 

581122 

559761 

419718 


Engine  FY 

ENGAGE 

AGE 

MODS 

PROD 

OHREM 

iiifcm  inn 

I  ll'll  Ills) 

F100  79 

24 

2.0 

0 

94 

99 

604092 

80 

28 

2.5 

0 

120 

104 

699236 

81 

32 

3.1 

0 

162 

145 

1466817 

82 

36 

3.7 

0 

130 

122 

1143322 

83 

40 

4.5 

0 

156 

182 

— 

J33  79 

129 

21.3 

0 

0 

10 

0 

80 

133 

22.3 

0 

0 

3 

0 

81 

137 

24.0 

0 

0 

9 

0 

82 

141 

24.3 

0 

0 

7 

0 

83 

145 

25.4 

0 

O 

7 

““ 

Data  Sources: 

NT,  SFC,  TIT, 

THRUST, 

MQT, 

ENGAGE 

extracted 

from  or 

derived 

from  Engine  Handbook 

(13)  . 

AGE  extracted 

from  Calendar 

Age  of 

Aircraft 

Reports 

(11). 

MODS  extracted  from  Modification  Program  Progress  Reports 
(24). 


PROD  extracted  -from  HQ  AFLC  Depot  Maintenance  Annual 
Reports  (2). 

OHREM  extracted  from  ALC  Summary  Engine  Removals  Reports 
(34). 


MMHRS  extracted  from  Organizational  and  Intermediate 
Maintenance,  USAF  Consolidated  Cost  Reports  (1). 
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